ataen ne : : : : 
Arery i : ; este 


isis 
oe 


Ms a 


eee 
i esreeaesah 


=e 


io 


outa 


Digitized by the Internet Archive 
in 2024 


https://archive.org/details/photographyitspro0O00unse_k0e5 


PHOTOGRAPHY 


ITS PRINCIPLES AND PRACTICE 


OOD 


C. B. NEBLETTE, F.R.P.S. 


Counselor and Administrative Head, Department of Photographic Technology, 
Rochester Athenaeum and Mechanics Institute 


Fellow, Photographic Society of America; 
Royal Photographic Society of Great Britain 


©OO®D 


FOURTH EDITION—FOURTH PRINTING 


Wirn CHAPTERS BY 


RALPH H. BRADEN 
Department of Chemistry; 


HOWARD C. COLTON—SILAS M. THRONSON 


Department of Photographic Technology; 
Rochester Athenaeum and Mechanics Institute. 


and 


J. W. GILLON 
Development Department, Eastman Kodak Company. 


NEW YORK CITY 


D. VAN NOSTRAND COMPANY, INc. 
250 FOURTH AVENUE 


CopyRIGHT, 
1927, by D. VAN NOSTRAND COMPANY 
1930, 1938, 1942, by D. VAN NOSTRAND COMPANY, Inc 


All Rights Reserved 


This book, or any parts thereof, may not 

be reproduced in any form without 

written permission from the author and 
the publishers. 


First Published, January 1927 
Second Printing August 1928 


Second Edition, November 1930 
Reprinted, March 1931, July 1932 
February 1935 February 1937 


Third Edition, | November 1938 
Reprinted, February 1939, November 1939 


Fourth Edition, September 1942 
Reprinted, February 1943, December 1943 
May 1944 


Printed in the U. S. A. 


LANCASTER PRESS, INC., LANCASTER, PA, 


TO MY PARENTS 
and 


A VERY DEAR FRIEND 


In the manufacture of this book, the publishers 
have observed the recommendations of the War 
Production Board and any variation from previ- 
ous printings of the same book is the result of 
this effort to conserve paper and other critical 
materials as an aid to the war effort. 


PREFACE, [O THE FOURTH EDITION 


For nearly a hundred years photography was largely left to the 
amateur experimentalist of ‘inadequate technical training who was not 
able properly to evaluate the results of his experiments from the stand- 
point of scientific theory. In addition, progress in the science of pho- 
tography had to wait upon the clarification of certain concepts of the 
nature of matter and energy. The known facts are now beginning to, 
fit together and order is beginning to appear from among a mass of 
apparently unrelated phenomena. <A true science of photography is 
emerging. 

Moreover, the practice of photography is tending to become more a 
branch of applied science and less of an empirical craft. It becomes 
increasingly necessary for practice to be based upon a thorough under- 
standing of photographic materials and processes rather than on rule-of- 
thumb methods. In a sense, practice has been simplified by advances 
in the production of more satisfactory new materials and equipment 
and the development of new and better methods, but the very diversity 
of these materials and the tremendously increased scope of modern 
photography combine to demand a more thorough knowledge of funda- 
mentals than was formerly necessary. 

Photography is no longer a comparatively simple subject. This is 
reflected in the present book, which includes many things which were 
not in the earlier editions, and which assumes a broader background of 
scientific training than is commonly expected in photographic literature. 
This is due to the subject matter which does not admit of simple, non- 
technical treatment if more than a mere introduction of the subject is 
intended. The authors have tried to maintain the degree of authority 
and the point of view that would be expected in a textbook in other 
branches of science. If this has resulted in some sections being difficult 
to understand without some technical background, it is but a necessary 
consequence of the scope of the science and the purpose of the book. 

This edition is the work of five authors who have been closely asso- 
ciated as members of the faculty of the Department of Photographic 
Technology of the Rochester Athenaeum and Mechanics Institute. 
Each of them has assumed responsibility for separate sections—Color 
Sensitizing Dyes for Photographic Emulsions is by Ralph H. Braden; 
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Photographic Optics, Flashlamps and Synchronizers and The Repro- 
duction of Tone are by J. W. Gillon; Photochemistry and the Theory 
of Development are by Silas M. Thronson and Photography in Colors 
is by Howard C. Colton. The balance of the book is by the original 
author. 

The rearrangement of the book into sections makes, in the opinion 
of the authors, for a more orderly and logical presentation of the sub- 
ject and has facilitated the separation of the sections on the practice 
of photography from those essentially theoretical. It is hoped that this 
change will meet with general approval. 

References to current literature have been extended. The method 
used in the last edition whereby references are placed at the bottom of 
the page on which the subject is mentioned is continued in the present 
edition. Since there are now a number of journals abstracting photo- 
graphic literature, no attempt has been made to compile an extensive 
bibliography. In selecting the references, the following criteria have 
been employed: (1) the reference provides a good review of the sub- 
ject as a whole or some special phase of it directly related to the text; 
(2) the paper is likely to interest the average student; (3) the paper 
is easy of access and generally in English. The subject index has been 
made more detailed. 

Illustrative examples of commercially available equipment arg gener- 
ally restricted to representative types and the inclusion of any particular 
piece of equipment does not necessarily imply any preference for it 
on the part of the authors over similar products of other manufacturers. 

The authors are indebted to many for suggestions and asistance and 
to such an extent that to mention each specifically would extend this 
preface unduly. The authors trust that those who have had a part in 
the preparation of this edition will accept this as an acknowledgment 
of sincere appreciation. 

C. B. NEBLETTE 
Ratpu H. BrapeNn 
Howarp C. Cotton 
J. W. GILLon 


Sitas M. THrRoNson 
February 1942 
RocHEsSTER ATHENAEUM AND 
MeEcHANIcs INSTITUTE 
RocHESTER, NEw YorkK 


PREFACE TO FIRST: EDITION 


Manifold as are the applications of photography in all branches of 
science and industry and great as has been the increase in our knowl- 
edge of its basic principles in recent years, comprehensive and ade- 
quate instruction in the subject has been largely neglected by our uni- 
versities and technical institutions. Despite its daily application to 
the practice of almost every branch of science and industry, and in- 
deed in every walk of life, as well as its importance from the stand- 
point of pure science, there is not, within the knowledge of the writer, 
a single university or technical institution in this country which offers 
a thorough and complete course in the science and practice of photog- 
raphy. 

The literature of photography is widely scattered among a large 
number of journals, some of which have long since disappeared, while 
until comparatively recently no worthy attempt had been made to- 
wards the abstracting and indexing of photographic information. 
Excluding papers in the periodical press, photographic literature can 
for the most part be divided into two classes: (1) works of an ele- 
mentary nature designed for the beginner and paying but scant at- 
tention to the fundamental scientific basis. of the subject and , (2) 
works of an encyclopedic nature designed principally for reference 
purposes, such as Dr. J. M. Eder’s monumental work in German, the 
Ausfiihrliches Handbuch der Photographie and Fabre’s Traite En- 
cyclopedique de Photographie in French. Valuable as these works 
may be, they are not textbooks in the true sense of the word and there 
is in fact no work dealing both with the science as well as the practice 
of photography which is especially adapted for use as a test. 

The present work is an attempt to meet that need. It embraces the 
features which several years’ experience in the teaching of the subject 
has shown the writer to be desirable in a work designed for college 
instruction. No attempt has been made to compile a complete treatise 
on the subject, while at the same time the fact has been kept in mind 
that a superficial treatment of the subject, one which is concerned with 
effects rather than causes and with operations rather than scientific 
principles, is undesirable in a work of collegiate grade. Accordingly 
it has been the aim of the writer throughout to present as clearly and 
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as concisely as possible the fundamental principles of the science of 
photography, omitting nothing oi primary importance necessary to an 
understanding of the subject and paying particukr attention to the 
proper codrdination of the facts to one another. 

The practical side has not been lost sight of, however, and several 
of the chapters deal with their subject more from the standpoint of 
techmique rather than science. These, it is hoped, will render the 
work useful not only to the student bat to the practical worker as welll 

An apology, perhaps, is due for the omission of certain subjects and 
for the brief treatment accorded to others. This was, however, to a 
certain extent, demanded by the scope of the work which is that of a 
text rather than a treatise. Accordingly a krge number of the un- 
settled controversies have either been omitted, or but briefly treated, 
as it was felt madvisable to consider in a work of this nature subjects 
which still await satisfactory sohution. 

Footnotes throughout the text will show the extent to which I am 
indebted to others, while to the following authorities I desire to phe 
on record my appreciation of their invaluable services: Dr. C. E. K. 
Mees, Dr. S. EL Sheppard, Dr. A. P. H. Trivelli, alt-ef the Eastman 
Research Laboratory; Mr. F. F. Renwick; Dr. Walter Clark of the 
British Photographic Research Association; Dr. Hermann Kellner of 
the Scientific Department, Bausch and Lomb Optical Company; Cari 
J. Reich of the Gundlach-Manhattan Optical Company: Mr. George 
E. Brown, Editor of the British Journal of Photograbky> Mr. Frank 
Roy Fraprie and-Mr. E. J. Wall of American Photography; Drs. 
Walters and Davis of the Bureau of Standards: and Miss Bess 
Spence of this institution who has assisted me in seeing the werk 
through the press. To all others who have assisted in the preparation 
of this work in any way, a cordial acknowledgment of appreciation is 
also due. 


; C. B. Nesuetrre 
Coumzes Station, Texas, 1926 
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CHAPTER=1 
THE HISTORY OF PHOTOGRAPHY 


Introduction.—Photography, from the Greek meaning to draw 
with light, is the science of obtaining images of objects by the action 
of light on sensitive substances. It is not definitely known to whom 
the word itself is due. The first use of the word is generally ac- 
credited to Sir John Herschel in a paper before the Royal Society, 
March 14, 1839. The German historian of photography, Eric Stenger, 
however, has established the fact that the word appeared in a news- 
paper account of the work of Fox-Talbot, published in the Vossische 
Zeitung, February 25th of the same year.’ 

The Camera Obscura.*—No one knows when the formation of 
an image by the light admitted through a small opening was first ob- 
served. The first reliable recorded observation of this simple and 
fairly common phenomena appears in the Problemata of Aristotle, 
published about 350 B.C. There are other references in the works of 
Roger Bacon (1214-1292) and the Thesaurus Opticae of Alhazen 
published about 1100, but these are rather vague. Leonardo da Vinci, 
in one of his manuscripts, shows a diagram with the arrangement of 
the aperture, the screen and the course of the light rays. This manu- 
script, however, was not published until 1797. 

The camera obscura was apparently well known in the early 16th 
Century in both Italy and in Germany, as numerous references have 
been found.* 

The Magia Naturalis of Jean Baptiste Porta, which appeared at 
Naples in 1553, did so much to make the camera obscura known, that 
its author was for a long time credited with its discovery. This we 
now know to be incorrect, as there are at least five unmistakable ' 
references to the camera obscura in books published before his Magia 
Naturalis. This work, unlike those which had preceeded it, was a 

1Stenger, Brit. J. Phot. 79 (1932) 578. 

2 Camera Obscura—from the Latin camera room and obscura dark. 

3 Cardan, De Subtilitate (Nuremberg 1550). Frisius, De Astronomics et Geo- 
metrics (1545). 

BarcLtay—Origin of the Word Photography. Phot J. 77 (1937) 528. 
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popular rather than a scholarly work, and consequently reached a 
larger audience. 

The earliest recorded description of a camera with a lens appears 
to be that in a book on perspective La Practica della Perspectiva by a 
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Fic. 1. The Camera Obscura From an Old Print. (Courtesy of the 
Smithsonian Institution.) 


Venetian nobleman, Daniello Barbaro, published in 1568. Another 
description of a camera obscura with lens is found in a work by 
Benedetti of Venice published in 1584, and finally Kepler in his 
Dioptrice, published in 1611, dealt with the optics of the camera 
obscura at length, pointing out the advantages of a compound lens over 
the simple plano-convex lens used by Barbaro.* 

After the middle of the 18th Century, the camera obscura became 
well known as an instrument for sketching or for amusement at the 
seaside and other resorts. Several types designed for these purposes 
are described and illustrated, for example, in a Treatise on Optics by 
Joseph Harris, published in London in 1775 and in Gravesandeo, 
Perspective, published in London 1724.° 

4 Other references to the optics of the camera: Edition of Euclid’s Optics by 


Dante (Florence 1573). Risner, Opticae (Cassel 1606). 
5 See: Von Rohr and Court, Phot. J. 75 (1935) 54. 


WaTERHOUSE—History of the Camera Obscura. Phot. J. 40 (1900) 270. 
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Early Photochemistry.—Since in general photography is con- 
cerned with light-sensitive compounds of silver, we may pass over 
those observations of the alchemists of the middle ages on the altera- 
tion of other substances upon exposure to light or the atmosphere. 
The first observations of the sensitivity of silver salts, recorded by 
Pliny in the first century, are only a record of the action of the atmos- 


Fic. 2. Johann Heinrich Schulze. (From Eder, Ausftihrliches Handbuch der 
Photographie.) 


phere on metallic silver. In the eighth century Geber observed the 
darkening of silver nitrate, and Georgius Fabricus, in 1556, the dark- 
ening of horn silver, a crude form of silver chloride found in the 
mines of Frieburg; which both attributed to the action of vapors in 
the atmosphere. That the darkening of silver salts, and particularly 
silver chloride, is due to light and not to the action of various vapors 
of the atmosphere was definitely recorded by Johann Heinrich Schulze 
in 1727, a member of the faculty of the University of Altdorf, where, 
as a typical man of science of his day, he taught a number of subjects, 
including anatomy, botany, geography and philology. Schulze coated 
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paper with a solution of silver chloride and by exposing it to light made 
copies of stencils cut in black paper.* For this achievement, he has 
been termed the discoverer of photography, but this is unfair to others 
as he did not attempt to use the camera obscura nor was he successful 
in finding a means of rendering the image permanent. When exposed 
to light it rapidly darkened all over. 

Carl Wilhem Scheele, the great Swedish chemist, investigating the 
chemical changes involved in the darkening of silver chloride, dis- 
covered that the material was de- 
composed to silver with loss of 
chlorine. He also noted the dif- 
ference in the rates of darkening 
obtained with light of different 
colors. Scheele, remarks Dr. S. 
E. Sheppard,’ should be regarded 
as the founder of the photochem- 
istry of the silver salts. The 
closing years of the eighteenth 
and the nineteenth century wit- 
nessed a large number of obser- 
vations on the action of light on 
various substances, but as these 
played no part in the invention of 
photography they may be passed 
over. 
| The Beginning of Photog- 
| raphy—Wedgwood and Davy. 
—The first definite step towards 
: the discovery of photography was 
made by Thomas Wedgwood, 
Fig 23) Thomase Wedewood marca fourth son of the great English 

Chalk Drawing. Author Unknown. potter, at the turn of the cen- 

tury. Wedgwood, together with 
Humphrey Davy, then a rising young chemist, repeated the work of 
Schulze with silver nitrate. They were able to make prints of leaves 


6 A translation of Schulze’s paper appeared in Phot. J. 38 (1898) 53. For 
readers of German, there is an interesting biography of Schulze by Eder, Johann 
Heinrich Schulze (Wien 1920). 

TJ, Chem, Ed. 4 (1927) 300. 


WaternousE—The Development of Photography with Salts of Silver. 
Phot. J. 43 (1903) 159, 
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and similar objects, but were unable to prepare a paper sufficiently 
rapid to permit its use in the camera obscura. Davy made some im- 
portant additions to the work of Schulze. He found that silver chlo- 
ride was more sensitive than silver nitrate, and that by using the con- 
centrated light of a solar microscope, he was able to secure images of 
small stationary objects. But neither Wedgwood nor Davy was able 
to find a means of “fixing ” the image or dissolving the unacted-upon 
silver salt so as to render the image permanent. The poor health of 
Wedgwood was no doubt partly responsible for this, and the whole sub- 
ject was abruptly terminated by his death at the early age of thirty-one 
years. After his death, a joint paper, written probably by Davy, was 
brought before the Royal Institution and appeared in the Journal for 
1802 under the following title: An Account of a Method of Copying 
Paintings Upon Glass, and of Making Profiles by the Agency of Light 
on Nitrate of Silver, by T. Wedgwood, with observations by H. Davy. 


Fic. 4. John Herschel. From a Photograph by Mrs. Julia Cameron. 
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Discovery of a Fixing Agent.—Herschel in 1819 discovered the 
solubility of the silver halides in sodium thiosulfate which he termed 
hyposulfite, hence the name hypo. Thus was made available the fixing 
agent which Wedgwood and Davy had sought in vain. So little atten- 
tion, however, did this paper receive, that it appears to have been un- 
known to Talbot, Niepce or Daguerre, and it was only after Herschel 
had called attention to its use as a fixing agent, following the publica- 
tion of the investigations of Talbot early in 1839, that it replaced sodium 
chloride (salt) for this purpose. 

Niepce.—The first to produce a permanent image was Joseph 
Nicephore Niepce, born at Chalon-sur-Sadne, France, in 1765 and 
died in 1833.8 Unfortunately Niepce left no written account of his 


Fic. 5. Nicephore Niepce. (Courtesy Société francaise de la Photographie. ) 


work and our only source of information is his correspondence with 
his brother Claude who lived in London during most of the time 
Nicephore was occupied with these investigations. We know that he 


8 For an interesting account of Niepce see: Fouque, The Truth on the Inven- 
tion of Photography. Translated by Epstean (New York 1935). 
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became very much interested in the process of lithography, and in 1813 
experimented with silver chloride in an effort to copy designs on the 
stone so as to save lithographers the labor of transferring the drawing 
by hand. We know, from a letter to his brother Claude, that he was 
successful in securing a negative image in the camera as early as 1816. 
In a letter dated May 5, 1818, we find him writing: 

“When my object-glass was broken, no longer being able to make 
use of my camera, I made an artificial eye with Isidore’s ring box, a 
little thing from 16 to 18 lines square. I had, luckily, the lenses of 
the solar microscope, which, as you know, belonged to our grandfather 
Barrault. One of these little lenses proved to be exactly of the focus 
wanted; and threw a picture of objects in a very sharp and life-like 
manner onto a field of thirteen lines diameter. 

“T placed this little apparatus in my workroom facing the open win- 
dow looking on to the pigeon-house. I made the experiment in the 
way you are acquainted with, my dear friend, and I saw on the white 
paper the whole of the pigeon-house seen from the window, and a 
faint impression of the window frame itself which was not exposed to 
the sunlight. One could distinguish the effects of the solar rays in the 
picture from the pigeon-house up to the window-sash. This is but a 
very imperfect experiment, but the images of the objects were ex- 
tremely minute. The possibility of painting by this means appears 
almost clear to me; and if I am able to perfect my process, I shall 
hasten to respond to the interest which I know you will take in it, by 
imparting it to you. I do not hide from myself that there are great 
difficulties, especially as regards fixing the colours, but with work and 
patience one can accomplish much. What you had foreseen has proved 
true. The ground of the picture is black, and the objects are white, 
that is to say lighter than the ground.” 

This was the first camera negative. Apparently, he was unable to 
find a fixing agent which would remove the unaltered silver halide and 
render the image permanent, for later we find him turning to bitumen. 

Metal plates coated with a layer of bitumen were exposed beneath 
the transparent tracing to be reproduced, then bathed in oil of lavender 
which removed the bitumen from the unexposed portions of the plate 
leaving bare the metal base. These portions were then etched in an 
acid bath, the bitumen remaining in the exposed portions acting as a 
resist; thus producing an image in relief from which Niepce was able 
to make a paper print in an ordinary printing press by applying ink to 
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the raised portion. A print produced in this manner by Niepce in 
1824 is shown in Fig. 6. 

Niepce was successful this same year in the use of the camera 
obscura ® but the exposure required by this process was enormous— 
from six to ten hours in bright 
sunlight—and the results were flat 
and lacking in contrast and detail, 
so that while Niepce was the first 
to make a permanent photograph, 
his process was of little practical 
value. 

Daguerre.—The first to de- 
velop a practical process was Louis 
Jacques Mande Daguerre, who 
was born at Cormeilles, near Paris, 
in 1787, and died at Petit-sur- 
Marne 1851. As a scene painter, 
Daguerre had used the camera ob- 
scura in a series of panoramic 
paintings of the cities of Europe; 
Fic. 6. A  Heliographic Print by 2nd it was undoubtedly this which 

Niepce, 1824. induced him to undertake the fix- 
ing of the image by the action of 
light on a light-sensitive substance. His investigations began appar- 


ently about 1824. Two years later he received word, probably from 
Chevalier, an optician from whom he had purchased some of the ap- 
paratus necessary for his experiments, that the subject was occupying 
the attention of a man in the Provinces, one Joseph Nicephore Niepce. 
Daguerre immediately wrote to Niepce suggesting an exchange of 
secrets, but Niepce was distrustful of Daguerre, who by now was a 
popular figure in Paris, owing to his invention of the Diorama. Not 
until 1827, when he met Daguerre while on a trip to his brother Claude 
in England, were cordial relations established between the two investi- 
gators. On December 14, 1829, the two signed an agreement of part- 
nership to continue for ten years, during which each would work to 
their mutual advantage. 


® Cromer, Bull. Soc. frang. Phot. 9 (1922) 69. 


EpstEAN—Facts about Nicephore Niepce. Phot. J. 80 (1940) 168. 
JoHNsTON—Facts about Nicephore Niepee. Phot. J. 80 (1940) 17. 
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Upon the death of Niepce in 1833, if not before, Daguerre discarded 
the methods of the older investigator and returned to the silver salts. 
In 1835 he advised Isidore Niepce, who had succeeded to his father’s 


Fic. 7. Jacques Mande Daguerre. 


interest in the partnership, that he had reached a certain amount of 
success. After two years more spent in perfecting details, a company 
was formed to buy out the process for the sum of 200,000 francs. 
They were unsuccessful, however, in obtaining the necessary capital. 
The failure led the two partners to appeal to Arago, the famous secre- 
tary of the Academie des Sciences. Arago reported on what he had 
seen to the Academie on January 7, 1839, but gave no details of the 
process. The Diorama, a theatrical venture in which Daguerre had 
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invested heavily, burned on March 8. In July, a bill granting a life 
pension of 6,000 francs to Daguerre and one of 4,000 francs to Isidore 
Niepce was presented in the House of Deputies by Arago and supported 
by Biot and Humboldt, all members of the Academie des Sciences. 
This bill was passed and received the approval of the King. 

Finally on August 18, 1839, the details of the process were made 
public at a special joint meeting of the Academie des Sciences and the 
Academie des Beaux-Arts.1° A silver plate, or a copper plate covered 
with silver, was polished and then exposed to the vapors of iodine to 
produce a light-sensitive layer of silver iodide. After an exposure 
within the camera, which at the time amounted to as much as 10-20 
minutes, but was later reduced to a few seconds, the invisible image was 
brought out or “developed” by exposing the surface of the plate to 
mercury which is heated. The mercury, by attaching itself to the 
unexposed portions of silver iodide, produces a positive image. To 
render the image permanent, the unexposed silver iodide remaining 
was removed by placing the plate in a solution of common salt (sodium 
chloride). Salt was soon replaced as a fixing agent by sodium thio- 
sulfate, the properties of which had been published by Herschel in 
1819, twenty years earlier. 

Daguerre’s early plates required an exposure of 10-20 minutes, but 
the following year Goddard, of London, discovered the superior sensi- 
tivity of silver bromide and one year later the exposure was reduced to 
a few seconds by the introduction by Voightlander of a rapid portrait 
lens from the calculation of Josef Petzval of Vienna. 

Later History of the Daguerreotype.—The Daguerreotype proc- 
ess spread quickly throughout the civilized world and before the close 
of the year, the process was being worked in all important countries. 
Daguerre’s description of the process History and Description of the 
Daguerreotype published in September 1839 in Paris went through 
twenty-six editions in the next five months and was translated into 
German, English, Italian and Spanish. The news reached America 
in the latter part of September. It is not known who made the first 
Daguerreotype in America. It may have been S. F. B. Morse who 
had met Daguerre in Paris earlier in the year. The New York Herald 


10 For an interesting account of these proceedings see: Potonniée, History of the 
Discovery of Photography. Translated by Epstean (New York). 


PotonnizE—Two unpublished documents concerning the history of the 
daguerreotype. Phot. J. 78 (1938) 28. 
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described a Daguerreotype of St. Paul’s Church in its issue of Sep- 
tember 30, 1839.11 

At first, the Daguerreotype process required from 10 to 20 minutes 
exposure in bright sun. Daguerre, it appears, had confined himself 
to outdoor views and had not attempted portraiture up to the time at 
which the details of the process were divulged, as he regarded the ex- 
posure as being too long to make portraits possible. It is not definitely 
known who first succeeded in making portraits by the Daguerreotype 
process. A manual of the Daguerreotype process, Historie et de- 
scriptions des procédés de daguerreotype et du diorama rédigés par 
Daguerre et argumentés de notes et d’ observations par M. M. Lerebours 
et Susse fréeres, published in Paris before the close of the year 1839 
contains the following: “ To take a portrait, it is also necessary to have 


Fic. 8. Daguerreotype Portrait by J. W. Draper of New York, Frequently 
Considered to be the First Portrait by Photography (1839 or 1840). 


recourse to a bright light. One will not succeed well except by ex- 
posing the person in the sun, in the open air and with reflections from 
white draperies.” Does this mean that the writers were speaking from 
practical experience and had actually made portraits by the Daguerreo- 

11 The first manual of photography published in America appears to have been 
Description of the Daguerreotype Process, Gourand (Boston 1840). Authority— 
Robert Taft, Photography and the American Scene. Macmillan (New York 
1938). 
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type process? One wonders.!? The claims of Morse, Draper and 
Wolcott in America have been investigated in detail by Taft.’® 

Briefly, the facts appear to be as follows: Morse wrote Daguerre on 
November 19, 1839, that he had thus far had only indifferent success. 
Draper, in a letter dated March 31, 1840 to the Philosophical Magazine 
of London, claimed to have achieved success in December 1839. The 
daguerreotype referred to was the well-known portrait of his sister 
(Fig. 8) often referred to as the first portrait by photography. Alex- 
ander Wolcott, an instrument maker of New York City, soon after 
the publication of the details of the process, constructed a camera using 
a concave mirror of large diameter and short focus and thus obtained 
a much brighter image than was produced by the lenses available at 
the time. With this he claimed to have made a Daguerreotype portrait 
in October 1839. Details of his equipment were published in the 
American Repertory for April 1840. He opened a studio for the 
making of Daguerreotypes in New York City on March 4, 1840. This 
was possibly the first commercial photographic establishment in the 
United States. 

Meanwhile in Europe, important technical advances were being 
made. The time of exposure was reduced materially (1) by the sub- 
stitution of silver bromide for silver iodide, an advance due to John 
Frederick Goddard of London in 1840,1* and (2) by the portrait lens 
of Joseph Petzval which was introduced by Voightlander the same year. 

While they contributed nothing of importance to its development 
technically, American workers were second to none in their mastery 
of the process. The preeminence of such Daguerreotypers as Hawes 
and Whipple in Boston, the Langenheim Brothers in Philadelphia and 
Matthew Brady in New York, seems to have been admitted even in 
England and the Continent. Possibly due to this fact, the Daguerro- 
type process remained in use longer in the United States than in other 
countries. Even as late as 1865, Daguerreotypes were still being made 
professionally in the United States, although the process had largely 
given way to collodion both in this country and abroad in the middle 
fifties. 


12 J. B. Reade in 1854 in the Journal of the Photographic Society of London 
claimed that Talbot made a portrait before 1839. This seems incredible in view 
of the time of exposure required by his process. Amat. Phot. 80 (July 1935) 69. 

18 Taft, Photography and the American Scene. Macmillan (New York 1938). 

14 This discovery seems to have been made independently by Paul Beck Goddard 
of Philadelphia in December 1839. 
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William Henry Fox-Talbot.—Meanwhile, in England, William 
Henry Fox-Talbot (1800-1877) was assiduously engaged in an at- 
tempt to fix the image of the,camera obscura. Talbot relates in his 
Pencil of Nature, published in 1844, that in 1833 he was sketching with 
a camera obscura on the shores of Lake Como but without much suc- 


Fie. 9. William Henry Fox-Talbot. 


cess, owing to his inability to draw well. Returning to England in 
January of the following year, he determined to follow up the work 
of Wedgwood and Davy. His first experiments were unsuccessful as 
the paper was not sufficiently sensitive to light. Later (1835) he found 
that the sensitiveness of the paper was greatly increased by giving it 
successive washings, first with a solution of common salt, then a solution 
of silver nitrate and finally exposing it while still wet. In addition, he 
found that a strong solution of common salt would dissolve the un- 
exposed silver chloride and render the image permanent. With paper 
so prepared, he made a photograph of his home, Lacock Abbey, the 
same year (1835). This was apparently the first permanent negative 
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image produced in the camera. Talbot did not publish the results of 
his work immediately, desiring to perfect the process, but upon news 
from Paris of Daguerre’s discovery he sent a brief communication of 
the process, which he termed Photogenic Drawing, to the Royal In- 
stitution, and a week later (January 31, 1839) Talbot himself read a 
paper on his process before the Royal Society. This, it will be noted, 
was almost eight months before the details of the Daguerreotype proc- 
ess were made public. 

In 1841 Talbot patented his Calotype (beautiful picture) process. 
In this process thin, transparent paper was first soaked in a solution 
containing silver iodide, and then immediately before exposure it was 
washed over with a solution of gallic acid and silver nitrate. After 
an exposure of about one minute, the paper was developed in gallic 
acid. Talbot had at last grasped the idea of a developer for bringing 
out a latent invisible image and thus reducing the exposure. After 
fixing and drying, prints were made by exposing another sheet of 
paper underneath the negative, developing in gallic acid, and fixing in 
hypo. 

Talbot’s method was never widely adopted for professional use as 
the images were not as sharp and clear as the Daguerreotype and be- 
cause the process was protected by patents and a license had to be 
obtained from the inventor. The Daguerreotype was, of course, free 
to all since the French Government had awarded life pensions to 
Daguerre and Niepce on condition that the invention be published 
without patent. Talbot attempted to prevent the practice of the Daguer- 
reotype process professionally in England as an infringement of his 
patent, but was defeated. 

Talbot’s process, however, was much cheaper and was used by many 
amateurs. It was used also for a series of remarkable portraits by the 
Scotch painter, D. O. Hill, and his assistant, Robert Adamson, a 
chemist, during the years 1843 to 1848. These portraits, two of which 


CierK-Maxwett—The Personality of Fox-Talbot. Phot. J. 76 (1936) 
429. 

LAMBERT—Fox-Talbot’s Photographic Inventions. Phot. J. 76 (1936) 431. 

JouNnson—Sidelights on Fox-Talbot. Phot. J. 81 (1941) 24. 

Wicut—Early Photographic History in Scotland. Phot. J. 81 (1941) 15. 

BrowN—Makers of Photography. British Journal Photographic Almanac 
(1931) 145. 

Tarspot—The Life and Personality of Fox Talbot. Phot. J. 79 (1939) 546. 
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are reproduced in Figure 10, rank with the best that have ever been 
produced by photography.'® 


Fic. 10. Calotype Portraits by D. O. Hill. 


Negative Processes on Glass.—Paper is not altogether satisfac- 
tory for negatives and as early as 1839, a Dr. Fyfe of Edinburgh 
suggested the use of glass and a “varnish” to hold the silver halide. 
The following year, Sir John Herschel?® attempted to prepare sensi- 
tized glass plates by precipitating silver chloride on glass but obtained 
only faint images: In 1847, Niepce de St. Victor, a cousin of 
Nicephore Niepce, succeeded in obtaining satisfactory images on glass 
coated with albumen. Wolcott?” in the United States experimented 
with albumen in 1847 but was unsuccessful. 

Three years later (1850) Whipple, a professional photographer of 
Boston, patented a process employing glass plates coated with milk and 
albumen. Le Gray in France suggested the use of collodion—gun- 

15 For an interesting account of the life and work of D. O. Hill see Wight, 
Early Photographic History in Scotland—D. O. Hill. Phot. J. 81 (1941) 11. 


16 Proc. Royal Society Feb. 20, 1840. 
17 Taft, Photography and the American Scene. 
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cotton dissolved in alcohol and ether—the same-year, but the suggestion 
received little attention. A year later, Frederick Scott-Archer (Fig. 
11) in London published the details of a process employing collodion 
which was so perfect that it soon superseded all other processes of 
photography and even today is in general use in certain fields as, for 
example, in the making of the negatives used in making half-tone 
engravings for letter press printing. 


Itc. 11. Frederick Scott-Archer. (Portrait from J. Werge, The Evolution of 
Photography.) 


Archer’s process is termed wet-collodion because the glass must be 
coated, the exposure made and developed before the collodion has dried. 
A clean glass plate was first coated with collodion to which a soluble 
iodide, such as potassium iodide, had been added. The plate was then 
sensitized by immersion in a bath of silver nitrate, exposed in the camera 
while still wet and developed at once, using a solution of pyrogallol and 
silver nitrate, and finally fixed in sodium thiosulfate, or hypo. At no 
stage in the process may the collodion become dry or the picture will 
be lost; hence, when making pictures out-of-doors, it was necessary 
to take along a dark tent in which to prepare the plate and, after the 
exposure, to develop it. Some idea of the labor and inconvenience in- 


WET COLLODION 


volved in making a photograph in 
those days can be obtained in Figure 
12 which shows the pack carried by 
the photographer and Figure 13, the 
photographer at work in the field. 

In the years which followed, at- 
tempts were made to prepare plates 
which would keep and thus avoid 
the necessity for a darkroom when 
making pictures away from _ the 
studio. Most of these processes in- 
volved the addition of hygroscopic 
substances to prevent the collodion 
from drying. The most successful 
of such processes were those of 
Taupenot (1855) in France and 
Norris (1856),of Birmingham. In 
the first, the plate, after having been 
coated with collodion in the usual 
manner, was coated a second time 
with albumen and then allowed to 
dry. It was then immersed in a 
bath of silver nitrate, washed and 
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Fic. 12. Wet-Plate Photographer 
with Equipment for Outdoor Pho- 
tography. (From Thomson, A His- 
tory and Handbook of Photcgraphy.) 


dried. The process patented by Norris was similar except that gelatin 


was employed in place of albumen. 


Fic. 13. Wet-Plate Photographer at Work in the Field. (From Thomson, 
A History and Handbook of Photography.) 


18 oe . THE HISTORY OF PHOTOGRAPHY 


In 1864 Sayce and Bolton discovered a practical means of preparing 
a collodion emulsion. To prepare a so-called emulsion (photographic 
emulsions are in reality suspensions) silver nitrate was added to iodized 
collodion; this produced silver iodide by precipitation rather than by 
immersing the collodion-coated plate in a solution of silver nitrate. 
After coating, the plates were immersed in a solution of tannin which 
acted as a preservative and maintained the permeability of the collodion, 
All of these processes were considerably slower than wet-collodion and 
did not find much acceptance except among landscape photographers. 

Gelatin Emulsion.—The first recorded application of gelatin 
to photography is the unsuccessful attempt of Niepce de Saint Victor 
to use gelatin as a vehicle for holding silver iodide to glass plates. 
Gelatin, however, became soft and frequently left the glass when the 
plate was placed in the nitro-acetic silver bath used for sensitizing and 
was discarded, for albumen. Attempts were made by Gaudin (1853) 
to prepare what might be termed gelatino-iodide emulsion but his proc- 
ess was not practical. 

In 1868 W. H. Harrison described a method of emulsifying silver 
bromide in gelatin which was not entirely satisfactory and appears to 
have received little attention. Three years later, R. L. Maddox (Fig. 
14), an English amateur, published—also in the British Journal of 
Photography—a method of preparing gelatin dry plates but as he em- 
ployed an excess of silver when precipitating the silver bromide and 
did not appreciate the importance of washing to remove the excess 
silver salts, the emulsion was slow and suitable only for contact printing. 
Maddox was more fortunate than Harrison, however, for his process, 
imperfect though it was, seems to have attracted some attention. 

Two years later, J. Burgess advertised gelatin emulsion with which 
photographers could coat their own plates. While the venture was not 
successful financially, Burgess proved that excellent results could be 
obtained with gelatin emulsion and really deserves to be regarded as 
having produced the first practical gelatino-bromide emulsion. Burgess 
apparently recognized the need of washing the emulsion to remove the 
superfluous salts and possibly also the desirability of an excess of 
soluble halide rather than silver in the formation of the silver bromide, 
but his process was never published and it remained for Johnson and 
King independently to:call attention to these points the following year. 

In 1874, gelatin-bromide dry plates were placed on the market in Eng- 
land by the Liverpool Dry Plate Company. The term, dry plate, was 
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adopted to distinguish the process from wet-collodion. Four years 
later, Bennett of London found that the sensitivity was increased con- 
siderably by heating the emulsion to a temperature of from 90 to 95° F., 


Fic. 14. Richard Leach Maddox, One of the Pioneers in the Introduction of 
Gelatin Emulsions. 


and the following year (1879) Mansfield showed that still greater sensi- 
tivity might be obtained by precipitating the silver bromide in a part 
of the gelatin, boiling the emulsion thus prepared for a few minutes 
and then adding the remainder of the gelatin at a lower temperature. 
While gelatin dry plates had already begun to replace the wet-collodion 
process, the procedure of Mansfield so greatly increased the sensitivity 
of gelatino-bromide emulsion that it soon replaced the older process 
everywhere. 

The favorable influence of ammonia on sensitivity was observed by 
the Belgian, Monkhoven (1879), and shortly thereafter Eder, of Vi- 
enna, perfected a process for the preparation of gelatino-bromide emul- 
sion of high sensitivity using ammonia or ammonium carbonate. Ab- 
ney, in England, called attention to the advantages of employing a small 
amount of silver iodide in a gelatino-bromide emulsion. 

By this time (1879) manufacturers of dry plates were established in 
England, Germany, the United States and Belgium. The manufac- 
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ture of dry plates in England began, as we have seen, with the Liver- 
pool Dry Plate Company in 1874, to be followed by Wratten and 
Wainwright in 1877 and many others in the next few years. In the 
United States, the manufacture of dry plates was begun by Carbutt of 
Philadelphia in 1879, who was followed a year later by Eastman in 
Rochester, Cramer of Saint Louis, Cross of Indianola, Iowa and An- 
thony of New York. The Eastman plates appear to have been the first 
to be coated by machinery, Eastman having been granted a U. S. patent 
for an emulsion coating machine on April 13, 1880. In Germany, dry 
plates were placed on the market by Johann Sachs and Company (Ber- 
lin) and F. Wilde in Goerlitz (1879). 

Emulsion Supports for Negative Purposes.—Paper was used 
as a support for the emulsion until 1851 when the wet-collodion process 
of Scott-Archer using glass plates was introduced. Efforts to replace 
glass began in 1877 when Palmer was successful in preparing flexible 


Fic. 15. George Eastman, Founder of the Eastman Kodak Company. 


films of gelatin on which the emulsion might be coated. These, how- 
ever, were not successful commercially. Gelatino-bromide emulsion on 
layers of hardened gelatin or collodion was placed on the market be- 
tween the years 1879 and 1881 by Stebbing, Ferrier and Pumphrey. 
In 1884 Eastman in America patented stripping film. This stripping 


HISTORY OF COLOR SENSITIZING MATERIALS Oo®@ 21 


film consisted of paper coated with a thin layer of soluble gelatin which 
in turn was coated with a gelatino-bromide emulsion. After develop- 
ing and fixing, the image was stripped from the paper support and 
dried on glass. This film was supplied in rolls and a roll holder was 
provided to adapt it to the plate cameras then in common use. From 
the standpoint of the general public this was a great advance, but the 
process was still intricate and difficult for the amateur because of the 
delicate handling demanded in transferring the image from the paper 
to the final glass support. Five years later (1889) the stripping film 
with its paper base gave way to.a transparent base of nitrocellulose in- 
troduced by the Eastman Dry Plate and Film Company of Rochester, 
New York, U. S. A. The introduction of a daylight loading camera 
two years later (1891) brought photography within the reach of all.’® 

History of Color Sensitizing and Color Sensitive Materials.— 
The sensitivity of the silver halides lies almost exclusively in those por- 
tions of the spectrum which produce the visual sensation of blue and 
violet and in the invisible ultra-violet. In 1873, Vogel of Berlin ob- 
served that a certain collodion emulsion which had been dyed with a 
yellow dye to prevent halation had a different sensitivity from those 
which had not been dyed. This effect was traced to the dye and thus 
was discovered the principle of dye sensitizing. Continuing his in- 
vestigation, Vogel found a number of dyes which act as sensitizers, the 
most important being cyanine and quinoline red (1884) neither of which 
is in use today. In 1874, Waterhouse of London found that eosin was 
a yellow-green sensitizer for collodion emulsion and Clayton and Tal- 
lifer patented in England and France its use with gelatin emulsion. 

18 Hannibal Goodwin, a minister of Newark, New Jersey, filed an application 
for a U. S. Patent on a method of preparing a “photographic pellucle” from nitro- 
cellulose May 2, 1887. After the original application had been several times 
amended, a patent was granted September 13, 1898. In the meantime, H. M. 
Reichenbach, an employee of the Eastman Company, applied for, and was granted, 
a patent for a nitrocellulose film base December 10, 1889. The first film was 
placed upon the market by the Eastman Dry Plate and Film Company on August 
27, 1889. Goodwin’s patent was acquired in 1902 by the Goodwin Film and 
Camera Company, which brought suit against the Eastman Company for patent 
infringement. In 1914, the courts upheld the validity of the Goodwin patent and 
the Eastman Kodak Company settled with the Ansco Company, the owners of 
the Goodwin patent, for $5,000,000 in cash. See: Ackermann—George Eastman 
(Houghton Mifflin 1930). Taft—Photography and the American Scene (Mac- 
millan 1938). ; 


TuHEISEN—The History of Nitrocellulose as a Film Base. J. Soc. Mot. 
Pict. Eng. 20 (1933) 259-266. 
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Eder of Vienna found that erythrosin, the iodine analogue of eosin, was 
still better and for a number of years it was the best known sensitizing 
dye for the green region. Shortly thereafter, dry plates sensitized with 
erythrosin were placed on the market by most manufacturers as ortho- 
chromatic or isochromatic plates. 


Fic. 16. H. W. Vogel, Discoverer of Dye Sensitizing. 


In 1902, Miethe and Traub discovered the sensitizing properties of 
Ethyl red, an analogue of cyanine, and the following year, Koenig of 
the Hoechst dye works introduced in rapid succession a number of 
yellow and green sensitizers, the more important being Orthochrome, 
Pinaverdol, and Pinachrome. A satisfactory red sensitizer was not 
discovered until 1906 when Homolka, of the Hoechst dye works, dis- 
covered a carbocyanine dye which was introduced as Pinacyanol. 
Panchromatic plates sensitized with pinachrome and pinacyanol were 
placed on the market in 1906 by the firm of Wratten and Wainwright 
in England. 

In recent years the work of Mills, Hamer, Pope, Brooker and others 
has made available a number of new sensitizers much more efficient than 
those previously known. These new sensitizers have the advantage 
over the older sensitizers of not lowering the general sensitivity of the 
emulsions nor increasing fog. In fact with some, fog is less than with 
the same emulsion not color sensitized. This is particularly the case 
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with slow, fine-grain emulsions. The introduction of panchromatic 
materials of the hypersensitive and supersensitive types in 1928-1930 
marks a new epoch in the history of photographic negative materials. 

Shortly after the introduction of Pinacyanol, the Hoechst dye works 
discovered the first sensitizer for the infra-red, Dicyanine. This, while 
a good sensitizer for the infra-red, is unstable and tends to fog badly 
so that in practice it cannot be relied upon to yield satisfactory results. 

In 1919, Adams and Haller of the U. S. Bureau of Chemistry pre- 
pared a new dye similar chemically to pinacyanol but sensitizing spe- 
cifically in the infra-red with a maximum action of 750myp. This was 
termed kryptocyanine. It was many more times powerful as a sensi- 
tizer for the near infra-red than Dicyanine and quite free from fogging 
tendencies. In 1925, H. T. Clarke of the Kodak Research Labora- 
tories separated a new dye from-kryptocyanine with a maximum at 
850 mp. This was termed Neocyanine. 

The sensitizing properties of the tricarbocyanine dyes were discov- 
ered in 1930. The sensitizing action of these extends much further 
into the infra-red; Xenocyanine, described by Brooker, Hamer and. 
Mees, sensitizes to 1100 mp with a maximum at 980 mp. Still more 
recently (1935) an investigation of the tetra- and pentacarbocyanines 
by Brooker, Keyes, Koenig and others has resulted in the discovery of 
several dyes whose sensitizing action extends still further into the infra- 
red. These have made possible the photography of spectral lines be- 
yond 1300 mp. The discovery of efficient sensitizers for the infra-red 
such as Kryptocyanine, Neocyanine and Xenocyanine has made possible 
infra-red sensitive plates and films suitable not only for spectrography 
but for general photography, the motion picture industry and aerial 
photography. 

The following chart 1° illustrates diagrammatically the progress which 
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has been made in the sensitizing of photographic materials since 1873 
insofar as the spectral range is concerned. 

History of Developing Substances.—The existence of a latent 
image and the possibility of converting such an image into a visible one 
through chemical treatment appears to have been discévered by 
Daguerre, who quite by accident found that mercury was attracted by 
the exposed silver halide thus converting an invisible image into a 
visible one. 

Talbot introduced the use of a solution of gallic acid as a developer 
for silver chloride with his Calotype process (1841) although its 
properties had been discovered some years previously by an English 
clergyman and microscopist, the Rev. J. B. Reade. 

The oldest of the developing agents now in general use is pyrogallol, 
which was introduced by Scott-Archer with his wet collodion process 
in 1852. Pyrogallol was not used in an alkaline solution, however, 
until 1862, nor was sodium sulfite used as a preservative until 1882. 

Ferrous sulfate was introduced by Hunt in 1844 and remained in 
general use until the wet-collodion process was superseded by gelatino- 
bromide emulsion. Even then it continued to be used by many of the 
older workers for some years. 

The developing properties of hydroquinone were discovered by 
Abney of London, in 1880, and those of pyrocatechin, which is closely 
related chemically, by Eder and Toch, of Vienna, the same year. 

The years between 1888 and 1900 witnessed great activity in the 
field of developing agents; the developing properties of paraphenylene 
diamine were discovered in 1888 by Andresen. A year later Andre- 
sen introduced Eikonogen (sodium-amido-8-naphthol-B-sulfonic acid) 
whose properties as a developer had been discovered by Meldola. Two 
years later (1891) the firm of Hauff introduced Metol (monomethyl 
paraminophenol sulfate). This was followed by diaminophenol or 
Amidol (1892); Ortol (a combination of hydroquinone and methyl- 
ortho-aminophenol) in 1896 and Adurol (monochloro-hydroquinone 
or chloroquinol) in 1898. Eikonogen has been superseded by metol, 
and Ortol is but little used today, but the other three remain in gen- 
eral use with Metol the most popular. Edinol, the sulfate of oxymethyl 
paraminophenol, was introduced by Bayer in 1901. 

The Brothers Lumiére are responsible for a number of developing 
agents; Metoquinone, a chemical mixture of Metol and hydroquinone 
(1903) ; Chloranol, a combination of hydroquinone and methyl-para- 
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minophenol (1913) ; and Hydramine, a chemical combination of hydro- 
quinone and paraphenylene (1899). 

Among organic developing agents no longer available but once 
popular may be mentioned Duratol, a benzyl-paramenophenol, intro- 
duced by Schering in 1910; Diogen, introduced by Agfa (1893) and 
said to be sodium-alpha-amido-naphthol-disulfuric acid; Monomet 
(para-amido-ortho-cresol-hydrochloride), introduced in England by the 
White Band Company 1916, and Neol, introduced by Hauff in 1918 
and stated to be para-aminosalicylic acid. 

Alkaline development appears to have been discovered by Major 
Russell and Leahy independently (1862). Ammonia was first used 
but was later replaced by the caustic alkalis and the alkaline carbonates 
such as sodium carbonate. The use of sodium tribasic phosphate was 
suggested by Lumiére in 1906 and is finding some favor today in fine 
grain developer formulas. Acetone and formaldehyde were intro- 
duced by Lumiere in 1896 and 1898. The former is now seldom used 
but formaldehyde is used in a number of developers for use with films 
designed for photo-mechanical purposes. Borax and certain related 
compounds have come into general use in recent years in fine grain 
developers. The first developing formulae of this type to become 
popular were those of Wellington and Capstaff.*° 

The use of sodium sulfite as a preservative in solutions of organic 
developers appears to be due to Berkley (1882). Acid sulfites such 
as potassium meta-bisulfite and sodium bisulfite were recommended by 
Mawson and Swan (1887). 

Development of Printing Processes with Silver Salts.—For 
printing from negatives made by his Calotype process, Talbot employed 
what we term today the salted paper process. Paper of suitable sur- 
face is immersed in a weak solution of salt, after which it is dried. Just 
before use, it is sensitized by immersion in a solution of silver nitrate 
and dried, exposed to light beneath the negative until sufficiently dark 
and fixed in hypo. Le Gray introduced the toning of the print with 
gold chloride as a means of improving the color in 1849. 

The incorporation of albumen with the salting solution to keep the 
silver salts on the surface and give the paper a gloss finish appears to 
have been suggested by Le Gray or by Blanquart-Evrard (1850). For 
more than 30 years, albumen paper was practically the only process of 
printing in general use. Paper coated with albumen was supplied ready 
for sensitizing in a solution of silver nitrate by the photographer. In 


20 Capstaff and Seymour, Amer. Phot, 21 (1927) 98. 
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1870 Adolph Ost of Vienna discovered that the addition of a citrate 
enabled the sensitized paper to be kept for several months which made 
it possible to supply the photographer with ready-sensitized paper. 

A method of using collodion in place of albumen was described by 
G. Wharton Simpson in 1865 and collodio-chloride of silver papers 
were introduced commercially by Obernetter, of Munich, two years 
later, but the process did not attract much attention until the intro- 
duction of a much improved product by Liesegang, of Duesseldorf, in 
1886. 

Gelatino-chloride papers appear to have been first employed by 
Palmer and Smith as early as 1866, but no details were published. 
Full details for the preparation and use of gelatino-chloride papers 
were published by Abney in 1882 and were introduced commercially 
two years later by Obernetter, of Munich, and a few years later by 
Liesegang, of Duesseldorf, and Ilford, of London. 

The above papers are all members of the class known as printing-out 
papers ; that is, they produce a visible image upon exposure and there is 
no after development. The now popular developing papers appear to 
have had their prototype ina process used by Blanquart-Evrard (1851), 
but it was not until 1874, after paper coated with gelatino-bromide 
emulsion had been introduced by the Liverpool Dry Plate Company, 
that developing papers made any headway. In 1880 Morgan and Kidd 
established a factory at Richmond (England) and in 1884 Eastman, 
of Rochester, introduced the machine coating of paper in the roll with 
gelatino-bromide emulsion, after which gelatino-bromide paper began 
to assume importance as a printing process. 

Directions for the preparation and use of developing emulsions of 
silver chloride for positive printing were published by Eder and Piz- 
zighelli in 1881. The first papers of this type were introduced com- 
mercially by Dr. E. Just, of Vienna, in 1883 and shortly afterward in 
England by Edwards and Warneke, but “ Velox,” introduced in America 
by the Nepera Chemical Company from the formula of Dr. Leo 
Baekeland, was the first to achieve wide popularity. Its successful 
introduction paved the way for a large number of similar papers in all 
important countries. 

The use of gelatino-chloro-bromide emulsions for positive prints was 
introduced also by Eder and Pizzighelli in 1883. Chloro-bromide 
emulsions are especially adapted to the production of warm-tone images 


and papers of this type are widely employed for portrait work at the 
present time. 
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Platinum Printing Processes.—The sensitiveness of certain 
compounds of platinum especially in the presence of an organic salt, 
such as ferrous oxalate, was observed by Herschel in 1832. Robert 
Hunt, in 1854, attempted to develop a printing process employing 
platinum chloride and ferric oxalate but was unsuccessful. The first 
practical process was patented by William Willis of London in 1873. 
In this process, paper coated with potassium chloroplatinite and ferric 
oxalate is exposed under the negative until a faint image appears. It 
is then placed in a solution of potassium oxalate, in which the reduced 
iron salt is soluble, and as it is dissolved by the oxalate, it attacks the 
platinum compound reducing it to the metallic state. 

A direct printing out process requiring no development was perfected 
by Hubl and Pizzighelli but has never been widely used. 

Printing Processes Employing Compounds of Chromium.—The 
observation that certain compounds of chromium are sensitive to light 
appears to be due to Mungo Ponton, an Englishman, who in 1839 dis- 
covered that paper soaked in a bichromate and dried was sensitive to 
light. The following year Becquerel found that gelatin, gum, and 
similar substances are rendered insoluble when exposed to light in the 
presence of a bichromate. In 1855 Alphonse Poitevin patented a 
process of printing in which paper with a layer of gelatin containing 
a pigment was sensitized in potassium bichromate and exposed to 
light. Then upon washing in water, the soluble gelatin in the unex- 
posed portion washed away leaving an image formed by the pigment 
held in the insoluble gelatin. Poitevin’s results were unsatisfactory 
as were those of John Pouncy, of Dorchester, who patented a similar 
process in 1858. 

Laborde the same year pointed out that in the half tones only the 
upper portion of the gelatin layer is rendered insoluble on exposure 
and, as the lower strata remain soluble, the image washes away. To 
avoid this, Blair, Burnett and Schouwaloff independently and almost 
at the same time (1858) suggested that the exposure be made through 
the paper so that the exposed layers would lie next to the base of the 
paper. Fargier in 1860 coated the exposed film with collodion and 
then washed away the soluble gelatin from the back. Pigment print- 
ing was placed on a practical basis by Swan when he patented carbon 
tissue in 1864. The carbon tissue, which is simply paper coated with 
gelatin and a suitable pigment, is sensitized with a bichromate, dried 
and exposed. The gelatin layer is then transferred to another support 
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thus placing the soluble gelatin on the surface from which it is removed 
by washing in water. 

Gum-bichromate is a non-transfer process of pigment printing based 
upon the original work of Poitevin and Pouncy. Washing away of 
the highlights is to a large extent prevented by using a thin layer of 
pigmented gelatin and building up an image by successive printings. 
The process was brought to the front about 1895 largely as a result 
of the pictorial work of Demachy, Puyo and other French pictorialists. 

Marion, in 1873, found that paper immersed in a solution of po- 
tassium bichromate, dried and exposed to light under a negative so as 
to form a faint image, will transfer the image to a sheet of carbon 
tissue left in contact with it for some time. Manly in 1899 patented 
a similar process which was termed Ozotype and in 1905 another 
known as Ozgobrome. In the latter, a sheet of carbon tissue was 
soaked in a solution of potassium bichromate, ferricyanide and bromide. 
The sheet of carbon tissue is placed in contact with a bromide print 
for several minutes, transferred to another support and developed by 
washing in water as usual. The bromide print thus takes the place of 
the negative and there is no exposure to light. Ozobrome was revived 
in an improved form by H. F. Farmer in 1919 as Carbro—carbon 
from bromides—and has proved quite successful. 

The Development of the Oil, Bromoil and Powder Processes.— 
A second process was worked out and patented by Poitevin in which 
a bichromated gelatin film without pigment was exposed under a nega- 
tive. This gelatin film upon exposure to light under the negative be-- 
came more or less insoluble in various portions according to the grada- 
tions of the negative. When immersed in water, the soluble gelatin 
absorbs water and becomes so charged with water that it will repel a 
greasy ink, while the shadows, being insoluble, do not absorb water 
and will accept the ink. Accordingly when a roller charged with 
greasy ink is passed over the print, an image is formed in greasy ink 
which adheres to the shadows but not to the highlights of the print. 
This process was the forerunner of a number of photo-mechanical 
processes, which are beyond the scope of this work, and the oil, bromoil 
and powder processes. 

Two years before (1853) the Duc de Luynes through the Société 
Francaise de Photographie had offered a prize of 10,000 francs to the 
person discovering a process by which absolutely permanent prints 
might be produced. ‘The President of the Société, M. Regnault, the 
famous chemist, in announcing the offer called attention to the perma- 
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nency of carbon and suggested that experiments be conducted with a 
view to obtaining prints in carbon. Two Frenchmen, Garnier and 
Salmon, starting from Poitevin’s patent of 1855 worked out a process 
in which the bichromated gelatin was exposed to light under the nega- 
tive, soaked in water, and then pure finely divided carbon dusted over 
it. The carbon adheres only to the unexposed parts and in this way 
an image is secured. This was the beginning of the so-called powder 
processes. 

Rawlings’ process of oil printing (1904) is actually little more than 
a modification of the process covered by Poitevin’s patent of 1855. 
Rawlings advised the use of brushes rather than a roller for applying 
the ink; thus it was possible to control the various tones of the print 
by varying the amount of ink deposited. This feature served to attract 
various workers who wished to have a ready means of altering the tone 
values of their prints and the process rapidly gained in popularity among 
pictorialists. 

In 1889, Howard Farmer found that when a gelatin film containing 
finely divided silver, as in a negative or positive, is immersed in a 
bichromate, the gelatin in contact with the metallic silver is rendered 
insoluble exactly as though it had been exposed to light in these portions. 
Upon this property of a bichromated colloid is based the bromoil 
process. The first suggestion of the rationale of this process is due to 
E. J. Wall. It was taken up and worked out practically by C. Wel- 
borne Piper. 

The Development of the Camera.—Nicephore Niepce, writing 
in 1816, describes what was probably the first photographic camera as 
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Fic. 17. Drawing of a Camera Described by Daguerre. 
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being a box about six inches square with a sliding tube carrying the 
lens.*+ 

A camera used by Daguerre consisted of two wooden boxes (Fig. 
17) one sliding within the other for focusing the image. A mirror 
placed behind the ground glass enabled the image to be seen in its 
correct position (i.e. “right side up”). ; 

After the publication of the process there was a demand for cameras 
similar to that used by Daguerre, who thereupon granted a license to 
Alphonse Giroux of Paris. To this firm, therefore, belongs the dis- 


0) 


Fic. 18. Metal Camera for the Daguerreotype Process by Voightlander in 1840. 


tinction of being the world’s first camera makers. In 1840, Voight- 
lander and Sohn, then in Vienna but now at Brunswick, built a portable 
camera of two sliding metal tubes (Fig. 18). Since this firm is still 
in existence, this makes it beyond doubt the oldest maker of photo- 
graphic cameras in the world today. 

In the period between 1850 and 1860, the photographic camera be- 
gan to assume the appearance of the familiar view camera of today, 
although it was much larger, heavier, and clumsier to use. Rising 
and sliding fronts appear to have been the first of the now familiar 
adjustments adopted generally, but by 1860 the swing back had ap- 


21 Tt is reasonably certain that a camera with a bellows was used by Niepce; at 
any rate, one reputed to have been used by him is in the museum of his home 
town, Chalons-sur-Saone. Baron Pierre Armand Siguier described and appar- 
ently had constructed a bellows camera in 1840, but cameras of this type did not 
become general until several years later. 
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peared. This was followed much later by the reversing back and still 
later by the swing front. Stand and portrait cameras have not changed 
fundamentally in design in the last twenty-five years despite the dif- 
ferent types and constructions that ; 
have been evolved. 

While a small camera for instan- 
taneous exposures in the hand was 
designed by Skaife in 1858, there 
was little interest in hand cameras 
until the late seventies when wet- 
collodion had begun to give way to 
gelatino-bromide dry plates. Be- 
cause the earliest hand cameras were 
intended principally for making pic- 
tures without attracting the attention 
of the subject, they were usually 
disguised as books, as opera glasses, Reign & Pioneer “Candia” 
or hidden in the hat or under the Camera. (About 1875.) 
vest (Fig. 19). Shortly thereafter 
magazine cameras appeared. These were so designed that a number 
of plates might be placed in the camera and exposed before reloading. 
Various devices were employed for changing the plates; one of the best 
known is shown in Fig. 20. 


Fic. 20. “Magazine” Camera Enabling Several Exposures to be Made on Glass 
Plates Without Reloading the Camera. 
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ated in a 


Many of the features of the reflex camera were anticipated in 


camera designed by Thomas Sutton of England in 1800. In 


camera, the image was reflected to a horizontal focusing sc 
mirror which was swung up out of the way before making the exposure. 


The primary purpose of the design was to enable the image to be seen 


“right side up” on the focusing screen and the interconnection of the 


mirror and the shutter which forms an integral part of the modern 
reflex camera was not envisaged by Sutton. A similar design in which 
the mirror was made to serve as a shutter was patented by Manerizzi 
of Trieste in 1884. C. R. Smith of London patented the same year 


what may be termed the first practical reflex camera. 


Fig. 21. Early Form of Twin-lens Camera (1900). 
A ( 


The combination of two cameras, one to serve for focusing and ar- 
ranging the image, the other for making the pictur 
originated with Desderi in 1864. Before the introduction of the reflex 
camera in the early years of this century, twin lens cameras of the ty} 
shown in Fig. 21 were popular despite their size and weight. Within 
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recent years, this type of camera has been revived in smaller sizes and is 
once more in general use. 

The first hand camera designed exclusively for roll film was the 
Kodak of George Eastman which was placed on the market in 1888. 
It was a box camera (Fig. 22) making 100 pictures 2% inches in 
diameter. 


Fic. 22. First Kodak (1888). 


In 1860 Bertsch of Paris designed and constructed what probably 
deserves to be called the first miniature camera using wet collodion 
plates 6 X 6 cm. (2% X 2% inches). Five years later, the English 
astronomer, C. Piazzi Smyth, constructed a camera making pictures 
2.5 & 2.5 cm. (1 X 1 inches) which he used for several years. This 
camera was especially noteworthy in that through a special optical system 
an anastigmatically flat field was obtained, thus enabling the small nega- 
tives to be enlarged to 10 * 10 inches without appreciable loss of 
sharpness. These cameras were built by or for individuals for their 
own use. In 1882, however, Liesegang of Duesseldorf introduced com- 
mercially a camera called the “Liliput,’ making pictures 3 & 3 cm. and 
several other cameras making pictures about the same size were placed 
on the market in the next few years. These cameras were before their 
time and did not meet a wide reception. 

In 1914, Oskar Barnack, an engineer with the optical instrument 
firm of Ernest Leitz of Wetzlar, Germany, designed a small camera 


34 Oe THE HISTORY OF PHOTOGRAPHY 


using thirty-five millimeter motion picture film and making pictures 
1X 1% inches (24 X 36 mm.). This camera, after having been de- 
layed by the World War, was introduced commercially in 1924 as the 
Leica. This camera embraced a number of new and useful features 
and was followed within a few years by others of similar design which 
have formed the basis of a new and active field of photography based 
upon the miniature camera. 
History of the Photographic Lens.—The first lens designed for 
photographic purposes appears to have been adapted by the Parisian 
optician, Chevalier, from the Fraunhofer telescope 
objective which has the form shown in Fig. 23. 
The covering power of a lens of this design is 
» limited requiring that it be used at a rather small 
aperture. In 1857, the English optician Grubb 
patented a greatly improved lens of this type 
Fic. 23. Cheva- which consisted of two cemented menisci. Later 
lier’s Single Lens. Dallmeyer of London introduced a single lens 
Apparently the which included an even wider angle and had a 
First Used for ; ; 
PieeeaehionPace larger aperture. This consisted of three cemented 
poses. lenses (Fig. 24). In 1888 he brought out the recti- 
linear landscape lens which is rectilinear despite 
the fact that it is a single lens. 
Single lenses were used chiefly for landscape and exterior pho- 
tography. To reduce the exposure in making portraits by the Daguer- 
reotype process, Chevalier in 1840 designed a compound portrait lens 


(a) (b) 


Fig. 24, Development of the Single Lens: (a) Grubb’s Lens, (b) Dallmeyer’s 
Wide Angle Landscape Lens. 


which had a relative aperture of f/6.7._ The following year, Voight- 
lander, of Brunswick, brought out a new portrait lens designed by Pro- 
fessor Joseph Petzval of Vienna (Fig. 25). This lens was excellently 
corrected for a small angular field and had an aperture of f/6 which 
was increased almost at once to f/4 by Andrew Ross of London. Petz- 
val’s first objective had a chemical focus; that is the chemical and visual 
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focus did not coincide. A decade later, he recalculated the objective 
and eliminated the focal difference. 


(0) 
Fic. 25. Early Portrait Lenses: (a) Chevalier, (b) Petzval. The Speed of 
This Lens Contributed Materially to the Rapid Development of Photographic 
Portraiture. 


For some years following the introduction of the Petzval lens, the 
efforts of opticians were directed toward the development of a lens 


Fic. 26. Joseph Petzval. 


which would be rectilinear, and have a larger angular field and aperture 
than the single lens. In 1841 Thomas Davidson designed a double lens 
with the diaphragm between which, however, was not a commercial 
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success. This was the first symmetrical lens. Wolcott in the United 
States also patented a symmetrical lens in 1841, but his death pre- 
vented its commercial exploitation. In 1860, Harrison of New York 
introduced the globe lens, so called because the surfaces of the outer 
lenses formed a sphere. While it was free from distortion and coy- 
ered a large field, the correction for spherical aberration was poor and 
there was some difficulty with flare. Morrison later improved on the 
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(d) 
Fic. 27. Development of the Symmetrical Lens: (a) Ross Doublet, (b) Har- 
rison Globe Lens, (c) Steinheil Periscope, (d) the Aplanat of Steinheil and 
Rapid Rectlinear of Dallmeyer. 


design by making it unsymmetrical. In 1865, Steinheil of Munich in- 
troduced his periscope. This was a simple construction and covered 
a wide field, but was poorly corrected and had a small aperture. 

Josef Zentmayer of Philadelphia improved the periscope by making 
it unsymmetrical, the back lens having the shorter focal length. 
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Thomas Ross of London patented an improved doublet in 1865 which 
was moderately successful despite the rather small aperture. All of 
these lenses were eclipsed by the introduction of the aplanat of Stein- 
heil (Munich) and the rapid rectilinear of Dallmeyer (London) in 
1866. 

The principle utilized in the aplanat and the rapid rectilinear was 
discovered independently by Steinheil and Dallmeyer and involved the 
use of two flint glasses of more nearly the same 
refractive index than the flint and crown 
glasses used in the earlier double lenses. This 
greatly reduced astigmatism and improved the 
correction for the other aberrations. It did 
not, however, permit the simultaneous removal fag 28 Sutton’s Tri- 
of astigmatism and curvature of field. This plet Lens. 
was accomplished only after the introduction 
of the newer varieties of glass by the Jena Glass Works had made pos- 

sible the anastigmat. The aplanat, or rapid 

rectilinear, as it is commonly termed in 

English speaking countries, represented a 

signal advance in photographic optics and 

is one of the three lenses discussed thus 

far to survive; the others are the Petzval 

portrait lens and the single lens of Grubb. 

Fic. 29. Dallmeyer’s Tri- Thomas Ross apparently made the first 

ple Achromatic Lens. triplet construction of three single lenses for 

Fox-Talbot in 1841, and in 1860 Thomas 

Sutton took out a patent for a triplet (Fig. 28). The first triplet design 
to be placed on the market, however, was the 

Dallmeyer triplet (Fig. 29) which appeared | 

the same year and was made for several 
years. The most important triplet construc- 
tion is that of H. D. Taylor which, as an 


anastigmat, will be discussed under that | 
heading. Fic. 30. The Antiplanat of 
The Antiplanat (Fig. 30), introduced by Steinheil. 


Steinheil in 1879, may be regarded as the 

immediate predecessor of the anastigmat. In this lens the symmetrical 
arrangement was departed from. The element in front of the dia- 
phragm is positive and that in the rear is negative in effect, although 
only to a slight extent. Thus by compensating for the errors of one 
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element by errors of the opposite character in the element on the other 
side of the diaphragm, Steinheil was able to improve the correction 
for astigmatism and at a larger aperture than had been possible with the 
aplanat. The Antiplanat, despite the great originality displayed in its 


Fic. 31. Adolph Steinheil. 


design, was soon superseded by the anastigmats which made their ap- 
pearance almost exactly ten years later (1890). 

The first lens in which the new Jena glasses were used to produce an 
objective free from astigmatism and with a flat field was calculated by 
Schroeder and introduced by Ross Ltd., of London, in 1888 as the 
Concentric (Fig. 32). It was not well corrected spherically, requiring 
a small stop to obtain good definition, and was soon withdrawn. The 
first objective in which adequate correction for spherical aberration and 
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astigmatism were combined with a flat field was patented by Paul Ru- 

dolph, of Jena, and introduced in 1890 by Carl Zeiss as the Protar. 
This was developed through the addi- 

tion of air spaces first into the Unar | 

(1897) and then into the Tessar (1902). yy 

This last has been one of the most popu- | 

lar lenses ever designed and has been 

‘copied all over the world. Rudolph — Fy. 32. The Concentric of 

designed also a three and a four ele- Ross. 

ment symmetrical . objective (Fig. 33) 

either half of which might be used alone to obtain lenses of different 

focal lengths. The three-lens design was designed and patented inde- 

pendently by von Hoegh of Goerz in Berlin and issued commercially 
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Fic. 33. Four Early Anastigmatic Lens Designs by Paul Rudolph: (a) Early 
Protar, (b) the Unar, (c) the Tessar, (d) Three- and Four-glass Symmetrical 
Objectives. 


as the Dagor (1892). The four-lens design was placed on the market 
by Rudolph’s own firm Carl Zeiss of Jena as the Protar (1895). 
Similar three and four lens designs were later placed on the market 
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by Voightlander of Brunswick (Collinear), Ross of London (Com- 


binable) and many others. 


Fic. 34. Paul Rudolph. 


In 1893, H. D. Taylor of England de- 


signed an anastigmatic objective 
of large aperture consisting of 
only three simple lenses (Fig. 35) 
which became known as the Cooke 
triplet after the firm of T. Cooke 
by whom Taylor was employed. 
This brilliant achievement was 
likewise widely copied by other 
manufacturers. From it were de- 
veloped the Heliar of Harting, 
the <Aviar of Warmisham, the 
Aldis of Aldis Brothers, and many 
others. 

In 1897 Rudolph designed a 
large aperture anastigmatic objec- 
tive based upon the Gauss tele- 
scope objective which was intro- 
duced by Carl Zeiss of Jena as the 
Planar (Fig. 36). This design 
likewise has been widely copied 


especially for short focus large aperture objectives for miniature 


cameras and cinematography. 


The earliest photographic application of a rear negative element to a 
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Fic. 35. (a) The Cooke Lens of H. D. Taylor, (b) Heliar, (c) Aviar and 


(d) Aldis, 
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photographic objective in order to form a telephoto objective appears to 
be due to J. Porro in 1851. The first telephoto objective to be placed 
on the market was the Orthoscope, designed by Petzval in 1840 or 1841, 
although not placed on the market until 1857. It consisted of two 
elements (Fig. 37) separated by the diaphragm. The front element is 
similar to that of the Petzval portrait 

. lens and is positive; the rear element is | 

negative and enlarges the image formed 

by the front lens. Little or no attention 

seems to have been paid to this charac- | 

teristic of the Orthoscope lens and _ it 

disappeared from the market with the frye 36. The Planar of Paul 
advent of the aplanat and the telephoto Rudolph. 

lens was really developed by Steinheil, 

of Munich, and Dallmeyer, of London. The latter took out a British 
patent in 1890 for a compound telephoto objective which consisted of 
a well corrected photographic lens and a back negative element com- 
posed of two achromatic lenses; as the distance between the two was 
variable a wide range of magnification was possible. 

It was not until 1905 that the first 
of the modern fixed magnification 
telephoto objectives was introduced ; 
the Bis-Telar of Emil Busch. This 
was designed by K. Martin and had 
a relative aperture of f/9 and a mag- 
nification of 2. 

The following year Zeiss brought 
out the Magnar which had a relative 
aperture of f/10 and a magnification 
of 3. Similar objectives but with improved astigmatic correction and 
of larger aperture were designed in 1912 by Hasselkus, of Ross Ltd., 
and two years later by Lan Davis, of Dallmeyer Ltd., both of London, 

The first was introduced as the Telecentric in two series, one with a 
relative aperture of f/5.4 and the other f/6.8. The second was placed 
on the market as the Large Adon and had an aperture of f/4.5. 

Fixed magnification telephoto objectives introduced since 1914 will 
be discussed in chapter on the Photographic Objective. 

History of Shutters.—In the early days of photography, there 
was little need for a shutter as the lengthy exposures required by the 
negative materials then available could be made readily by means of a 


Fic. 37. The Orthoscope 
of Petzval. 
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cap over the lens. The first shutter may have been the one used by 
Fizeau and Foucalt in 1845 to make Daguerreotypes of the sun. This 
consisted of an opaque panel with an aperture the size of the lens 
sliding in two tracks which permitted it to fall by gravity so that the 
aperture passed in front of the lens and exposed the sensitive materials. 
This type of shutter was popular for several years and is known as the 
“drop shutter” or guillotine from its similarity to the instrument of 
that name. An early shutter of this type is shown in Fig. 38. 


Fic. 38. Guil- Fic. 39. Rotary Shutter. 
lotine or Drop 
Shutter. 


Fic. 41. Bellows Shutter, Fic. 42.” Roller Fic. 43. Early Between- 


Blind Shutter. the-lens Shutter. 


Rotary shutters consisting of a rotating circular screen with an aper- 
ture which is caused to pass in front of the lens by a spring mechanism, 
were developed about 1860. An early shutter of this type is shown in 
Fig. 39. This type of shutter is still employed on many box cameras. 
Fig. 40 illustrates a simple flap shutter. Early models were operated 
by strings, later a spring was used to keep the flap in position over the 
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lens and pneumatic action employed to raise the flap for the exposure. 
This type of shutter is not suitable for very short exposures and was 
intended chiefly for studio work. In modified forms, it is still used 
for portrait work. Cadett patented a shutter of this type, in which the 
flap was a bellows (Fig. 41). 

The roller-blind shutter consists of a flexible opaque blind or curtain 
with apertures. This blind unwinds from one roller to another under 
tension, the exposure being made when the aperture in the curtain 
passes the lens. This type of shutter seems to have originated about 
1855 but did not become popular until much later. A typical roller- 
blind shutter, popular at the turn of the century, is shown in Fig. 42. 
A modification of the roller-blind shutter in which the curtain is placed 
directly in front of the film or plate is known as the focal-plane shutter. 
The focal-plane shutter was patented by Anschutz in 1888 and placed 
on the market by Goerz of Berlin in 1890. | 

An early two-blade shutter, the forerunner of modern between-the- 
lens shutters, is shown in Fig. 43. This was patented in 1882. Dall- 
meyer and Beauchamp in London and Bausch and Lomb of Rochester, 
New York, contributed greatly to the development of precision between- 
the-lens shutters. The work of Deckel in Munich, resulting first in the 
pneumatically controlled Compound (1902), and the gear-controlled 
Compur (1912), is worthy of mention. 

Color Photography.—Methods of producing photographs in 
natural colors may be divided into two classes, (1) direct, depending 
upon the bleaching of light-sensitive dyes or light interference and 
(2) indirect. 

Direct Processes of Color Photography.—Seebeck in 1810 found 
that silver chloride when exposed to the rays of light partook slightly 
of the colors themselves and Edmond Becquerel in 1844 reproduced 
more or less perfectly the seven principal colors of the spectrum on a 
Daguerreotype plate. The colors were lost, however, when the plate 
was fixed. Similar processes were described by Herschel, Niepce de 
Saint Victor and Robert Hunt. 

In 1897 Lippman of Paris described a process of natural color 
photography based upon the principle of light interference. A grain- 
less albumin film was exposed in front of a mirror, formed by a bath 
of liquid mercury, developed and fixed in a weak solution of cyanide 
resulting in a brilliantly colored image when viewed by light reflected 
from a mirror. The results, however, cannot be duplicated, the proc- 
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ess is slow and tedious, and natural colors are not well reproduced, 
hence, the process remains no more than an interesting demonstration. 

Indirect Processes of Natural Color Photography.—Promising 
as such processes of natural color photography may appear theoretically, 
it is with indirect methods involv- 
ing the separate registration of the 
three fundamental color sensations 
and their subsequent recombina- 
tion that the greatest progress has 
been made. 

The first to apply such methods 
was James Clerk-Maxwell, of the 
Royal Institution in London, who 
in 1861 took three photographs, 
one through a red solution acting 
as a color filter, one through a 
green solution, and a third through 
blue-violet. From these negatives 
he had lantern slides made which 
he projected on top of one another 
by means of three lanterns; each 
one projecting its slide through 
Euclieh Eisen Wits Encneiied the solution which had been used 
the Electromagnetic Theory of Radia- 1 making the original negative. 
tion. The result was not wholly suc- 

cessful (1) because the wet- 
collodion process was almost insensitive to green and red, and (2) 
because the solutions employed did not have the proper spectral 
transmissions. 

In 1862, Louis Ducos du Hauron deposited with the French Academy 
of Sciences a paper on processes of color photography which, however, 
was not presented to the Society nor was it published until 1897. In 
the meanwhile, he published (1869) Les Coleurs en Photographie, 
Solution du Probleme in which he described (1) a tri-color camera for 
making three-color negatives with one exposure, (2) combining posi- 
tives on glass from the three negatives in a viewing device similar to 
the camera to produce an image in colors, (3) printing from three- 
color negatives by the carbon process to produce a print in colors, and 
(4) the screen plate process. 


Fic. 44. Clerk-Maxwell, Renowned 
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In 1895, he patented a tripack, the three plates being placed together 
with their respective filters in between, thus enabling the three nega- 
tives to be made with one exposure 
in an ordinary camera. 

While all subsequent progress 
in color photography has been 
along these lines, du Hauron was 
unable to perfect any of these 
methods owing to the limited sensi- 
tivity of the negative materials 
then available and to his limited 
financial resources. 

Three-color cameras and view- 
ing instruments were brought to 
a high degree of perfection by F. 
E. Ives of Philadelphia, who dur- 


ing his long association with color 
Fic. 45. Ducos duHauron, Whose 


photography added greatly to our Fertile Imagination Visualized Most 
store of knowledge of all processes of the Processes of Three Color Pho- 


(except the screen-plate). Space tography, Later Developed Practically 
does not permit an extended treat- by Others. 

ment of the history of tri-color 

cameras nor viewing instruments (photo-chromoscopes). An excel- 
lent survey of the various types is available in the History of Three- 
Color Photography by E. J. Wall (Boston 1925). 

Subtractive Printing Processes.—Since du Hauron first sug- 
gested the carbon process as a means of making the three-color images 
required by subtractive printing processes, many other methods have 
been exploited. These include the production of dye images (1) by 
mordanting methods, (2) differentially hardened gelatin, (3) gelatin 
relief images, (4) imbibition processes based upon the transference of 
dyes from gelatin printing plates produced by methods 2 or 3, (5) ton- 
ing of silver images with metallic compounds, (6) pigment processes 
such as carbon, gum-bichromate and, more recently, three-color carbro, 
(7) developers producing color images and (8) processes employing 
diazo dyes. 

Screen Plate Processes.—In just the same way that a painter 
may secure a certain color by the juxtaposition of dabs of pigment of 
two colors which when viewed at a distance merge to form a single 
color, so it is possible to secure on a single plate all three-color-sensation 
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records by employing in place of the usual solid color filter a multi- 
color screen composed of a large number of small color screens evenly 
distributed and so small as to be practically invisible. The multi-color 
screen was the conception of Louis Ducos du Hauron in 1868. 

Screen plates were produced by Joly (1894), McDonough of Chi- 
cago (1896), Brasseur of London (1896), Powrie of Chicago (1905), 
Smith of London (1906), Krayn (1904), Dufay (1908), and by Fin- 
lay of London (1906), but the first commercially successful screen 
plate process of color photography was the Lumiére Autochrom 
patented in 1903 and placed on the market in 1907.?? 

The lenticular screen in which the film is embossed so as to form 
minute lenses imaging a three-banded filter placed over the camera 
lens was suggested by Liesegang of Elberfeld, Germany in 1896. 
The process was developed practically and patented by Berthion of 
Paris in 1908. In 1928, the rights to the Berthion patents were ac- 
quired by the Eastman Kodak Company and utilized in a process of 
amateur cinematography known as Kodacolor, since replaced by Koda- 
chrome. 

Mention was made in a preceding paragraph of the possibility, en- 
visaged by duHauron, of making three color negatives by means of a 
tripack in which three emulsions are exposed together in contact with 
one another, each emulsion recording only one of the three primary 
color sensations, a result obtained by appropriate color sensitizing and 
the use of dyed gelatin layers which serve as filters. DuHauron visu- 
alized such a tripack as consisting of three separate films but it is clear 
that the three emulsions may also be coated on top of one another on 
a single support to form what is termed an integral tripack or mono- 
pack. J. H. Smith produced an integral bipack (two emulsions) experi- 
mentally in 1903, and Schnizel in 1905, and Sforza in 1909 proposed 
integral tripack processes. Difficulties were experienced, however, not 
only in the manufacture of the tripack but in converting the three nega- 
tive images into positive images of the proper colors and it remained 
for Mannes and Godowsky in the Kodak Research Laboratories to de- 
velop a commercially practical integral tripack process for the produc- 
tion of transparencies in color which was introduced as Kodachrome 
by the Eastman Kodak Company in 1935. ; 

An integral tripack negative material and a corresponding positive 


2 


22'The most convenient source of reference is Wall, History of Three Color 
Photography. American Photographic Publishing Co. (Boston 1924). 
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material for producing prints in color was introduced by the Eastman 
Kodak Company as Kodacolor in 1942. 

Gasparcolor, a process developed by Dr. Bela Gaspar, employs a tri- 
pack in which two of the emulsion layers are on one side of the sup- 
port and the third on the opposite side. At this writing it is employed 
commercially only as a means of positive printing for motion pictures 
in color. 

Agfacolor, an integral tripack process for color transparencies, was 
developed in the Agfa laboratories in Germany and introduced com- 
mercially in Europe in 1936. It has not been placed on the market in 
the United States of America. 

Photographic Periodicals—The first periodical ** devoted ex- 
clusively to photography seems to have been the Daguerreian Journal 
which began publication in New York in November 1850. After the 
introduction of the wet collodion process, the practice of photography 
became more widespread and periodicals were established to serve the 
new field. Many of the journals established in these years exist today, 
as for example, the Liverpool Photographic Journal, established in 
1854, and since 1856, the British Journal of Photography; the Journal 
of the Photographic Society of London which began publication in 
March 1853 and since 1859 as the Photographic Journal, the organ of 
the Royal Photographic Society of Great Britain. In France, the 
first important, if not actually the first photographic publication, was 
the Bulletin de la Société francaise de Photographie, established at Paris 
in 1855. In Belgium, the Bulletin Belge de la Photographie (Brussels 
1861); in Germany, the Photographisches Journal (Prague 1854), 
Photographische Archiv (Duesseldorf 1860) and Photographische Kor- 
respondenzg (Vienna 1864) were among the earliest. 


23 The first real journal of photography in the U. S., however, was the Phila- 
delphia Photographer, established by Edward L. Wilson in 1864. In 1867 it ab- 
sorbed the American Journal of Photography and Humphrey’s Journal. Later, it 
became Wilson’s Photographic Magazine, then the Photographic Journal of Amer- 
ica and finally in 1924, was merged with the Camera (Philadelphia). 
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Introduction—Light is that form of radiant energy which is 
capable of affecting our sense of sight. The exact nature of light has 
been a subject of much conjecture among physicists and philosophers 
for many centuries. One can conceive of energy being transferred 
from one place to another in two ways only, one of these being by 
means of the passage of material units from one position to a second 
(bullets, for example), the other being by means of the passage of a 
wave motion from place to place (waves in the ocean). Most ancients 
considered that a beam of light consisted of streams of sub-microscopic 
particles which radiated uniformly in all directions from the light source. 
This corpuscular theory of light, supported by Newton among others, 
held full sway in the minds of most physicists until Thomas Young, in 
the year 1800, published a paper in the Philosophical Transactions of 
the Royal Society entitled, “Outline of Experiments and Inquiries Re- 
specting Light and Sound.” In this and other papers Young, sup- 
ported by the work of Fresnel, established the wave theory of light put 
forward earlier by Huygens (1629-1695). Young showed both by 
experimentation and mathematical reasoning that light energy must be 
of an undulatory or wave nature if such phenomena as diffraction and 
interference are to be explained in a rational manner. The work of 
such scientists as Foucault in measuring the velocity of light in different 
media and Fraunhofer in establishing the wave length of various dark 
lines in the,solar spectrum culminated in the mathematical development 
by Maxwell and experimental verification by Hertz of the electro- 
magnetic theory of radiation, including light. 

Electromagnetic Theory of Radiation—Maxwell’s comprehen- 
sive theory (1870) predicted the existence of radio waves which were 
later discovered by Hertz. This elaborate theory of wave motion 
seemed to cover and explain all optical phenomena and physicists in 
general considered that an elaboration, of known facts was all that re- 
mained to be done. Light and similar forms of radiation were pre- 
sumed to be transmitted as waves through the hypothetical all pervading 
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ether. Such radiations are characterized by moving electrical and 
magnetic forces. 

The first determination of the velocity of electromagnetic waves was 
obtained from Roemer’s observations in 1675 although at that time the 
value was ascribed only to light. The velocity of light is one of the 
most accurately known physical constants. Many experiments have 
been made from the time of Galileo up to the present to determine this 
important velocity. Roemer’s value for the velocity of light was ob- 
tained from a study of the revolution periods of a satellite of the planet 
Jupiter as observed from various positions of the earth traveling in its 
orbit around the sun. Roemer’s value for the velocity of light in free 
space was 3.0 X 10'° centimeters per second, a figure in remarkably 
close agreement with the latest values obtained from Michelson’s ter- 
restrial experiments (2.99796 x 10*° centimeters per second). The 
velocity of light in other media varies with the nature of the medium 
and the frequency of the light. The average value for glass, for ex- 
ample, is about two-thirds of its velocity in a vacuum. 


feet 
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Fic. 46. Wave Motion. 
\ = One wave-length mz. 
V =Velocity of travel of the wave, cm./sec. 
h = Amplitude of the wave, mz. 
T= period, or the time required for one wave to pass a fixed point, sec. 
GF = Ae 
f = frequency = 1/T=V/). 


Since electromagnetic radiations are transmitted in the form of a 
wave motion, there must be connected with any given radiation a spe- 
cific wave length. Fig. 46 represents the simplest form of wave motion, 
namely, a sinusoidal motion of particles forming a transverse wave. 
This diagram is introduced primarily to aid in the definition of terms 
which are commonly used when describing wave phenomena. The dis- 
tance between corresponding positions of two adjacent waves represents 


on 
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one wave length, the symbol for which is A. Let V be the velocity of 
travel of the wave and T the time required for one wave to pass a fixed 
point. Then A=VT. The quantity T.is usually referred to “as the 
period, while its reciprocal, 1/T, is known as the frequency, the symbol 
for which is f. Expressing A as a function of f, we have A (T/f). 

The various types of electromagnetic waves are shown in the fol- 
lowing table: 


Type of Radiation Wave Lengtl: (average) Detection 
Radio 104 Electrical receivers 
Infra-red 104 Bolometer; Photographic emulsion 
Visible Light 60004 Eye; Photographic emulsion 
Ultra-violet 10004 Fluorescence; silver halides 
X-rays 1.04 Ionization; silver halides 

Trays 5A Ionization; silver halides 


Cosmic-rays 0001 A Ionization; silver halides 


The tremendous extent of the electromagnetic spectrum is illustrated 
in Fig. 47. The characteristic difference between the various radia- 
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Fic. 47. The Electromagnetic Spectrum. 


tions is their wave length. For visible light the wave length region is 
very short and the frequency of green light, for example, is 6 - 10** or 
six hundred thousand billion vibrations per second. Radiation of a 
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single wave length is called monochromatic!; of a complex nature, 
heterochromatic. Because of the extreme shortness of the wave lengths 
of light, the customary units of inches and centimeters are usually re- 
placed by more convenient units. -These units are: 


Micron (uz) 
Millimicron (my) 
Angstrom unit (A) 


1/10,000 cm. = 0-2 om 
1/10,000,000'cm;, “=310-"iem. 
1/100,000,000 cm. = 10-8 cm. 


I 


I 


Radiation within the region from 400 to 700 mp is visible as light. 
The radiations within the region excite the following color sensations: 


AVANCE PRES Bann oe RCE eR Opa RD 400-450 my 
Dito Gi eit caicd nce lt toes 450-460 mu 
LEY DD, See | ee Oe Me eae 460-500 my 
Cig Sit: has) hehe k Mt cen Ae a er Oe meee 500-580 mu 
ell Ow ae areas she ak An Ba 580-590 mu 
Oimineeauir Se 1 <. aes Se Ree 590-620 mu 
Rede...) aie OF UE 620-700 mu 


Discontinuous Radiation.—At the turn of the last century when 
physicists considered that the electromagnetic theory was the final an- 
swer to their investigations into the nature of radiation, new experi- 
mental facts were discovered that could not be explained on the estab- 
lished classical theory. The facts of black body radiation ? which had 
defied explanation on the basis of waves were successfully explained 
by Planck in 1900. When an object is heated up to incandescence, the 
quantity of energy radiated constantly increases and the character of 
the radiation is altered. The wave length of maximum radiation is 
shifted toward the shorter wave lengths with any increase in the tem- 
perature of the radiating source. This alteration in the character of the 
emitted radiation leads to a relatively greater increase in radiated energy 
at the higher frequencies as compared with the lower frequencies when- 
ever the total radiation is increased due to a rise in the pa aause of 
the source of radiation. 

The total radiation emitted by a perfect black body varies as the 
fourth power of the temperature (Stefan’s Law) and the wave length 
of maximum radiation is given by Wien’s Law Xcmax..==CT. The 

1 Because of the practical difficulties in obtaining truly monochromatic radiation, 
a very limited band of wave lengths is often termed monochromatic. 


2A black body is one that absorbs all the incident radiation and also one that 
radiates more energy than any other body at the same temperature. 
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curves in Fig. 48 were obtained experimentally but a theoretical equa- 
tion * which agrees with the observations was derived by Planck using 


the hypothesis that radiation is discontinuous and is only emitted in 
definite quanta or multiples thereof. There is thus a revival of the 
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Fie. 48. Relative Energy Distribution Plotted Against Wave Length for 
Three Temperatures. 
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idea that radiation is discontinuous. Other experimental evidence dif- 
ficult to explain on the wave theory is the photo-electric effect. Hertz 
observed that a spark passe a more readily between two electrodes when 
they were strongly illuminated and other observers noted that various 
metal plates, when illuminated, emitted electrons. These observations 
could not be explained on the classical wave theory but were readily 
understood when considered in conjunction with the quantum theory. 

Radiation, including ligt it, is now regarded as being composed of 
orm of quanta which have definite wave prop- 
erties. Hence, light is considered as possessing undulatory as well as 
corpuscular characteristics. Perhaps the nature of light may be best 
expressed as being undulatory and/or corpuscular, the nature depending 
entirely on the physical phenomena which are to be explained. The 
wave theory is usually employed when explaining such phenomena as 
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the temperature of the source. For a discussion, see any text of Modern Physics 
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reflection, refraction, interference, and polarization; and the quantum 
theory for such phenomena as photo-electricity and recently observed 
effects in the field of X-rays and similar radiations. 

Reflection and Refraction of Light.—A ray of light traveling in 
a homogeneous medium forms a straight-line path. However, when 
a light ray is incident upon a surface separating two different media, 
the path is in general broken at that point. In fact, the ray is divided 
into two portions, one of which proceeds into the second medium in a 
different direction, while the other is reflected back into the first 
medium. 

Should a normal be erected to the boundary surface at the point 
where it receives the incident ray, the angles which the incident, re- 
fracted and reflected rays make with this normal, all lie in the same 
plane. Further the incident and reflected rays make equal angles with 
the normal. See Fig. 49. The angle of the refracted ray with the 
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i = angle which incident ray makes with normal to surface A-B 
i’ = angle which reflected ray makes with the normal to surface A-B 
y = angle which refracted ray makes with the normal to surface A-B 


normal, however, is smaller than either the incident or reflected angle, 
provided the second medium is more dense than the first. 

The Law of Reflection—The angle of incidence is equal to the 
angle of reflection and both lie in the same plane. 
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The Law of Refraction.—The sine of the angle of incidence di- 
vided by the sine of the angle of refraction equals the index of refrac- 
tion of the second media with respect to the first. In mathematical 
language, this may be expressed as: 


__ sine of the angle of incidence _ sinz 
sine of the angle of refraction sin r 


where 7 is known as the index of refraction of the second media with 
respect to the first. 

In terms of the velocity of light, the index of refraction of any 
particular substance may be expressed as the ratio between the velocity 
of light in vacuum to that of the velocity of light in the medium being 
considered. Therefore, »=V/V’ where V represents the velocity of 
light in vacuum and V’ the velocity of light in the medium being con- 
sidered. The refractive indices of several common optical materials 
are given in the following table. 


InDEX OF REFRACTION OF OpTIcAL GLASS 
(relative to air) 


Wave Length, millimicrons 
Type of Giass 
400 450 500 550 600 650 700 
Silicate Plintya. se as 1.6528 | 1.6391 | 1.6302 | 1.6240 | 1.6193 | 1.6157 | 1.6129 
Telescope Flint...... 1.5393 | 1.5320 | 1.5270 | 1.5233 | 1.5206 | 1.5184 | 1.5166 
nf Crowne 1.5406 | 1.5346 | 1.5304 | 1.5273 | 1.5249 | 1.5231 | 1.5216 
Borate Flint.........| 1.5938 | 1.5858 | 1.5802 | 1.5761 | 1.5730 | 1.5705 | 1.5685 
Dense Crowne ya ool MESS 55m loom leo SOM neo Oon leo oOulmleo20) 
Pichti Crowne eee 1.5232 | 1.5174 | 1.5134 | 1.5104 | 1.5082 | 1.5064 | 1.5049 
Quartz. ...sec oe. oe s|| 1eo ol fa MES STOR Me SAS Same SA GOR e543 Sate 542 te ete54 O17 
Fused Quartz........| 1.4700 | 1.4656 | 1.4624 | 1.4600 | 1.4581 | 1.4566 | 1.4553 


The relative intensity of the reflected and refracted rays depends 
upon the character of the boundary surface between the two media. 
In general, a polished metallic surface reflects the larger proportion of 
light. The refracted portion is absorbed in an exponential fashion as 
it proceeds into the second medium. 

Wave Front.—An important concept to understand in connec- 
nection with the wave theory of light is the so called “ wave front.” 
The motion of a light wave in three-dimensional space may be likened 
unto the motion of a surface in which the phase of disturbance is every- 
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where identical. A surface of this character represents a so-called 
wave front. To illustrate this further, let us consider S, Fig. 50, as a 
point source of light located in a homogeneous medium. Under such 
conditions, the velocity of propagation will be equal at all points and in 
all directions, and the wave front will emanate from the source as 
spheres of ever-increasing radii. At any particular instant, the dis- 
turbance may be visualized as a series of concentric spheres the loci of 
which are the source of light. 


Fie. 50. Wave Front. 


About the middle of the seventeenth century, Huygens pointed out 
that successive wave fronts need not of necessity be considered as 
having originated from the light source. In other words, the wave 
front may be considered as having originated from the disturbance on 
wave front C instead of from the Source S, in which case each point 
on the wave front C would act as a center of disturbance from which 
secondary spherical waves emanate. Therefore, the wave front D 
describes the envelope of spheres of equal radii whose centers lie on 
surface C. Huygens’ wave front method offers a most direct approach 
to the facts of image formation and is consequently an invaluable aid 
of geometrical optics. 

Polarized Light——When one oscillates the end of a stretched 
rope with a periodic up-and-down motion, a set of transverse waves 
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pass along the rope. A wave train of this type is known as a plane- 
polarized train of waves. If instead of moving the hand up and down 
a circular motion is imparted to it, a set of circularly-polarized waves 
is sent out along the rope. And likewise, if an elliptical motion is 
given to the hand, the waves which travel along the rope are said to be 
elliptically-polarized. Ordinary or natural light is considered to be 
composed of beams of plane-polarized light where all azimuths are 
represented. 

It is possible by various polarizing devices to change a natural light 
wave in such a fashion that only one direction of vibration is left, that 
is, it becomes plane-polarized. Natural light passing through a crystal 
of Iceland spar becomes plane-polarized. Ordinary unpolarized light 
which is specularly reflected at an angle of 32 to 37 degrees from any 
non-metallic surface is strongly polarized by the act of reflection. 
Light from a clear blue sky arising at right angles to the sun’s rays is 
also strongly polarized. 

Absorption.—When light passes through a material, some of its 
energy is lost by surface reflection and some by absorption within the 
material itself. Fig. 51 shows a beam of intensity J), incident upon 
the surface AA of a piece of glass of thickness +. At the first sur- 
face approximately 4% of the incident light is lost by reflection in 
beam Jr, Of the remaining 96% a certain amount is lost by ab- 
sorption (beam Ja), the magnitude of this loss depending upon the 
character of the glass as well as its thickness. At the second surface 
(BB) another reflection loss occurs so that the final beam Jv has an 
intensity equal to Jo — (J,, + Ja+J;,). Therefore, the fraction of the 
incident light which is actually transmitted is represented by Ic/I>— 
this quantity being known as the transparency of the material. The 
reciprocal of the transparency is known as the opacity, that is 
O=1/T. The so-called density of the material is defined as the 
natural logarithm of the opacity: 


ID) = logio O => teas F 
if 

In general, the absorption of a material depends upon its thickness 
in an exponential fashion in accordance with Bouguer’s law, which 
may be stated as follows: J=J,t* where x is the thickness of the 
material and ¢ the transmission for a unit thickness. This law may 
also be written / = /,e-*” where a is the so-called absorption coefficient 
of the material. 
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The amount of light which a material absorbs is also a function of 
the wave length of the light. Therefore, absorption is said to be a 
selective phenomenon. Materials which are non-selective are of a 
neutral gray color. 


pe 


‘ Fic. 51. Absorption. 


The Reflection of Light by a Spherical Surface.—Fig. 52 shows 
a concave spherical reflection surface whose center is at Y. The line 
OV is termed the axis of the mirror and the point V its vertex. The 
location of the image O’ of the axial point object O may be determined 
in accordance with the following formula: 
So ees 
oe eee. 
i Of 
where u equals the object distance OV, v the image distance O'V, and 
f the focal length of the mirror whose value equals R/2.* 
41In order to avoid ambiguity, it becomes necessary to adopt a sign convention 
to insure consistency in the uses of formulae relating to optical imagery. Since 


no convention is strictly universal, we shall select that used by Messrs. Hardy and 
Perrin in their recent text entitled “Principles of Optics.” To quote: 
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If one wishes to image a light source at infinity, that is, to produce 
parallel light by means of a concave mirror, it becomes necessary to 
place the light source at the focus of the mirror. Under these condi- 


Fic. 52. Reflection Spherical Mirror. 


tions, all the rays which fall upon the mirror will be reflected parallel 
to the axis. It becomes obvious that it is advantageous to make the 
mirror as large as possible in order to receive a high percentage of 
the rays from the source and hence concentrate more light upon dis- 
tant objects. The previous formula is only a good first approximation 
and it will be found by experimentation that as the mirror is made 
larger the imagery becomes more and more inaccurate and parallelism 
of the projected rays less perfect. If instead of using a spherical mir- 
ror, a parabolic shape is resorted to and the source placed at its focus, it 
will be found that better results are obtained, since the geometrical prop- 
erties of a parabolic surface are such that all rays are projected in a 
parallel beam no matter how large a portion of the surface is utilized. 


“1, Draw all figures with the light incident on the reflecting or refracting sur- 
face from the left. 

“2. Consider the object distance w positive when the object lies at the left of 
the vertex lV’. 

“3. Consider the image distance v positive when the image lies at the right of 
the vertex V. 

“4. Consider the radius of curvature Fk positive when the center of curvature 
lies at the right of the vertex. 

“5. Consider slope angles positive when the axis must be rotated counterclock- 
wise through less than 7/2 to bring it into coincidence with the ray. 

“6, Consider angles of incidence and. refraction positive when the radius of 
curvature must be rotated counterclockwise through less than 7/2 to bring it into 
coincidence with the ray. 

“7, Consider distances normal to the axis positive when measured upward.” 
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Fig. 53 shows an exaggerated example of the difference in action of 
the spherical and parabolic reflectors. 


Fic. 53. Spherical and Parabolic Mirror. 


The Refraction of Light from a Spherical Surface.—In Fig. 54 
a spherical refracting surface is shown, the center being at C and ver- 
tex at V. A point object O lies in a medium of refractive index n,. 
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Fic. 54. Refraction at Spherical Surface. 


Its image O’ is formed in the second medium having an index of re- 
fraction n,, the boundary surface between the two media being spheri- 
cal. Let OO’ represent the axis of this system and the point V the 
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vertex of the refracting surface. @® and ©’ are the so-called slope 
angles of the rays OJ and JO’. The law governing the formation of 
image O’ from object O in this case may be stated as 

No Jig — T7y 


Ny = 
aes R 


where u is the object distance, v the image distance, m, and n, the in- 
dices of refraction of the first and second media respectively, and R 
the radius of the spherical boundary surface between these two media. 

The Thin Lens in Air.—Fig. 55 represents a thin lens bounded 


Fic. 55. Imagery by Thin Lens. 


by two spherical surfaces having vertices at V, and V,. The image of 
an axial point object O is represented by O’. Let OV, and V,O’ equal 
u and wv, respectively. Since it is assumed that this lens is to be used 
in air, nm, and n, will equal unity. For the sake of convenience, let 
n,==n, the index of refraction of the lens material. Under these 
conditions, the law governing the formation of image O’ may be stated 


Lea! 1 1 
aeNas (n — vi z-zI- 

The derivation of this equation, as given in any reliable text on geo- 
metrical optics, is made on the assumption that t, the thickness of the 
lens, is zero. Since this is an obvious impossibility, this equation must 
be regarded as an approximation to be used only in those cases where 
the actual thickness of the lens is a small percentage of its focal length. 
A later section (see page 64) offers a more extensive analysis for 
use in those cases where the lens thickness itself is of sufficient size to 
be important. 

Figure 56 shows the various types of spherical thin lenses encoun- 
tered in practice. Those shown on the top row of this figure are so- 
called converging lenses, since a pencil of light falling upon one of these 
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is made more convergent. A converging lens, frequently called a posi- 
tive lens, is characterized by the fact that it is thicker at the center than 
at the edges and therefore has a positive focal length. Diverging or 


BI-CONVEX PLANO-CONVEX CONVERGING 
MENISCUS 


POSITIVE CONVERGING LENSES 


e 


BI-CONCAVE PLANO-CONCAVE DIVERGING 
MENISCUS 


NEGATIVE DIVERGING LENSES 
Fic. 56. Types of Spherical Lenses. 


negative lenses, on the other hand, are always thinner at the center than 
at the edge. A pencil of light incident upon a diverging lens is ren- 
dered more diverging, thereby producing a virtual image. Fig. 57 
shows the action of both a converging and a diverging lens upon a 
parallel beam of light. It will be noted that the converging lens forms 
a real image at a distance f from the lens and on the opposite side from 
the source. The diverging lens, on the other hand, forms a virtual 
image at a distance f from the lens but on the same side as the source. 

Magnification Produced by a Thin Lens.—So far, only the 
images of points lying on the optical axis of the lens have been con- 
sidered. Fig. 58 shows an object h (represented by an arrow), lo- 
cated at a distance u from the lens. The image of this object may 
be located by tracing two rays from the top of the arrow, the one ray 
OA being parallel to the optical axis, while the other, OC, is directed 
toward the optical center of the lens. At point A, the ray OA will 
be refracted through the focal point f and will therefore continue in 
the image space in the direction Jf. The ray OC, however, will pro- 
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Fic. 58. Magnification of a Thin Positive Lens. 


ceed unrefracted in the direction CO’, where OCO’ is a straight line. 
Since the rays JO’ and CO’ intersect at point O’ this may be regarded 
as the image of point O. The image h’ is an inversion of the object 
h, and, in general, it will differ in size from the object. 
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If h and h’ represent the height of object and image respectively, the 
magnification produced by the thin lens may be said to equal h'/h. 
It will be observed from the geometry of Fig. 58 that the magnifica- 


| 
Fic. 59. Magnification of Thin Positive Lens. 


tion produced by the thin lens is also equal to v/u. Fig. 59 indicates 
the relation between object and image for a positive converging lens 
when the object is located within the focal length of the lens. Here 
the image is much enlarged, erect, and on the same side of the lens as 


Fic. 60. Thick Lens in Air. 


the object, that is, a virtual image. Such is the action produced by 
a simple magnifying lens or reading glass. 

Figure 60 shows the image formed by a diverging lens. In the case 
shown, the image is virtual, erect, and smaller than the object. There- 
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fore, a diverging lens makes objects look smaller. It has the compen- 
sating advantage, however, that the field of view has been considerably 
enlarged. 

The Diopter.—The dioptric power of a lens is equal to the re- 
ciprocal of its focal length in meters, that is, D==1/7. Therefore, 
a lens whose focal length is one meter has a strength of one diopter. 
Likewise, a lens whose focal length is one-half meter has a power of 
two diopters, etc. 

Systems of Thin Lenses.—The final image produced by a sys- 
tem of thin coaxial lenses is found by using the image produced by the 
first lens as the object of the second lens, etc. throughout the system. 
A somewhat simpler and more direct method is to compute the focal 
length of the combination of thin lenses and treat the combination as 
a single lens. This may be obtained by dividing the continued product 
of the focal length of each of the lenses in the system by. the sum of 
their focal lengths provided the lenses are in intimate axial contact. 
When large gaps exist between the individual lens elements, the former 
method outlined above must of necessity be used. 

The Thick Lens in Air.—For those cases where the thickness of 
the lens is a substantial portion of the focal length, the approximate 
formulae given in the preceding sections are inadequate. When this 
is the case, the formula 


ree | ee 
cat, 


may be used, provided u and v are measured from the two principal 
points of the thick lens, and if for f we use the “ equivalent focal 


F.F.L. = Front 
Focal Length 
B.F.L. = Back 
Focal Length 
E.F.L. = Equiva- 
lent Focal Length 


Fic. 61. Thick Lens in Air. 


length.” Points P, and P, in Fig. 61 are the two principal points for 
the biconvex lens shown. The equivalent focal length in this, case is 
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the distance E.F.L. It will be noted from examining Fig. 61 that 
u and v are measured from the two principal points. 

The principal points of any lens lie on the axis and are conjugate one 
to another, that is, one point is the image of the other. Hence, an 
entrance beam which passes through the first principal point converges 
from the second principal point and is parallel to the entrance beam. 
The location of the two principal points and the equivalent focal length 
of a thick lens may be computed according to the equations given below: 


- tR, 
ae WR Rei, = 1)? 
Z tR» 
ees n(Ri — Re) — t(n — 1)’ 
Ely DED 


lin Re Ray 1) 

The quantity ¢ represents the thickness of the lens, m the index of re- 
fraction of the glass, and Rk, and R, the radii of the front and rear 
Jens surfaces. 

A biconvex or biconcave lens with surfaces of equal curvature have 
the two principal points located at equal distance from the two vertices. 
When one surface is more strongly curved than the other, both prin- 
cipal points tend to move toward the more strongly curved surface. 
When one surface of the lens is plane, one principal point lies at the 
vertex of the curved surface. The principal points for a meniscus lens 
usually lie entirely outside of the lens. 

From Fig. 61 it will be observed that a thick lens has three focal 
lengths: the back focal length, the front focal length, and the equivalent 
focal length. The equivalent focal length represents the focal length 
of a thin lens which would have the same strength as that of the thick 
lens being computed. It will be observed that the back focal length 
and the front focal length are measured from the lens surfaces instead 
of from the principal point. 

Planes erected through the principal points of a lens orthogonally to 
the lens axis are known as principal planes, or planes of unit magnifica- 
tion. Fig. 62 indicates a method of locating an image formed by a 
thick lens. Here the planes P, and P, are the principal planes of the 
lens. With O as the object, the ray OP, will emerge at P., the ray 
P.O’ being parallel to OP,. Likewise, the ray OA, which is parallel 
to the axis, will emerge at A’, passing through the focus f and con- 
tinuing to the image point O’. The intersection of ray P,O’ and A’O’ 
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locates the position of image O’. Here again, the ratio between h’ 
and h is the magnification produced by the lens. 


Fic. 62. Method of Locating Image. 


Combination of Thick Lenses.—When two thin lenses of focal 
length f, and f, are placed in contact, the focal length of the combina- 
tion is given by 

Sife 
F= . 
ii ge 
When thick lenses are used, however (or thin lenses which are not 


in contact), the effective focal length of the lens system is given by 
the following equations: 


eee 
ti ot fo 9.0L, 

Here f, and f, are the equivalent focal lengths of the two thick 
lenses and a is the distance from the second principal point of the first 
lens to the first principal point of the second lens. 

The action of two thin lenses may be considered equivalent to a 
single thick lens having equivalent focal lengths as given by the fore- 


going equation and two principal points as located by the two following 
equations : 


oe Oe 
oe i fo — a 
PoP, = ofa 
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In the foregoing equations, ~,P, represents the distance from the 
first principal point of the first single thick lens to the principal point 
of the equivalent thick lens ; and the distance p,P, that from the second 
principal point of the second component lens to the second principal 
point of the equivalent lens. ‘ 

Entrance and Exit Pupils—Let us consider the action of two 
thin lenses between which is placed a diaphragm or stop. Such a 
system is shown in Fig. 63. This is representative, in an elementary 


Fic. 63. Imagery of Entrance Pupil. 


D =actual diameter of diaphragm. 
D'=diameter of the “entrance pupil.” 
D"” = diameter of the “exit pupil.” 


sort of way, of the construction of a typical photographic objective. 

When an objective of this type is examined from the object side, 
the size of the diaphragm appears to be that of E’ rather than E, where 
E’ is the image of E as formed by the front lens. Likewise, when E 
is examined visually from the rear of the objective, it appears to be 
of size E” instead of E, where in this case E” is the image of EF as 
formed by the second lens. According to the nomenclature developed 
by Abbe, £ itself is known as the aperture stop while E’ is called the 
entrance pupil and E” the exit pupil. 

Although the entrance and exit pupils in Fig. 63 are larger than the 
actual aperture stop, such need not necessarily be the case. In any 
well-designed photographic objective, however, the aperture stop is 


® 
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usually smaller than either the entrance or exit pupil, that is, it is smafler 
than the images of this aperture stop as formed by the front and rear 
lens elements respectively. It should be noted that the entrance and 
exit pupils B’ and E” may be found directly by using FE as an object 
and determining its image as formed by the first and second lenses 
respectively. 

Relative Aperture——The speed or light-gathering power of a 
photographic objective is usually spoken of in terms of the so-called 
relative aperture. Relative aperture is arbitrarily defined as the ratio 
between the focal length of the lens and the diameter of its entrance 
pupil. 
relative aperture or f/number, 
focal length, 

D’' = diameter of the entrance pupil. 


where R.A. 


I 


Therefore, if a lens has a focal length of 100 millimeters and the 
diameter of the entrance pupil is 20 millimeters, its relative aperture, 
or speed, is equal to 100/20=5. That is, the lens has a rated speed 
OL f/ 9: 

Most high-grade photographic objectives are equipped with adjust- 
able aperture stops, commonly known as iris diaphragms. When this 
is the case, the speed, or light-gathering power, of the objective may 
be changed at will simply by changing the diameter of the iris dia- 
phragm. In this way the denominator of the f/number equation given 
above becomes variable; therefore the speed of the lens is adjustable 
at the will of the user. For example, if the diaphragm is stopped down 
to 10 mm. instead of 20 the speed of the objective changes from a value 
of f/5 to a new value of 100/10—f/10. Since the lens has been 
stopped down, thus decreasing the diameter of the aperture, it would 
necessarily be slower, that is, gather less light. Consequently, a speed 
of f/10 is slower than a speed of f/5, the difference in speed being 
proportional .to the change in area of the entrance pupil. Since the 
areas of circles are directly proportional to the squares of their diam- 
eters, it follows that the speeds of photographic objectives are inversely 
proportional to the squares of their f/ numbers. Hence a lens oper- 
ating at f/5 is four times faster than the same lens operating at f/10. 

Although the f/number system is now universally used throughout 
the world, years ago some lenses were marked on the U. S. (Uniform 
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System). In the U. S. system, the numbers are directly proportional 
to the exposure required, f/4 being taken as unity. A comparison 
between the f/number system and the U. S. system is given below: 


f/number Hi TES Sk OS SS ay NO GP SE HES 
UES: 1 1.26 2 23 4 8 16 32 64 128 
Relative exposure 

required 1 2 4 8 16 OZ 64 128 


Experimental Determination of Relative Aperture——When the 
focal length of a photographic objective is known, it is only necessary 
to determine the diameter of the entrance pupil in order to find its 
relative aperture. The diameter of the entrance pupil may easily be 
found experimentally by a process devised by A. Steinheil. After the 
camera is set on the infinity mark, the ground glass is removed and 
replaced by an exactly-fitting piece of cardboard which has a small 
circular hole about two millimeters in diameter at its center. Care 
should be exercised in fitting the piece of cardboard, since the hole at 
its center should coincide with the optical axis of the lens. In the 
darkroom a small piece of bromide paper is fitted inside the lens cap, 
and this is placed over the front of the lens with the emulsion side of 
the paper toward the lens. An incandescent lamp is now held behind 
the hole in the cardboard for a few seconds. A black circular disk will 
be found upon the bromide paper upon development, the diameter of 
this circle being equal to the entrance pupil of the objective. This will 
be seen readily by studying the course of rays from the small circular 
aperture in the cardboard. The f/number, or speed of the lens, is 
now-readily found by dividing its focal length by the diameter of the 
black circle appearing on the bromide paper. 

Angle of View.—The angle of view of any objective is the angle 
subtended by two lines drawn from the node of emergence to the 
corners of the plate in use. The shorter the focal length of the lens 
in relation to the size of the plate, the greater the angle of view and the 
more of the subject included from a given viewpoint. 

It is often of advantage to be able to calculate the maximum angle of 
view for a given lens on a certain sized plate, and to render this a 
simple matter we have reproduced a chart by which this information 
can be simply and rapidly secured. 

The maximum angle of view possible with any lens depends upon 
the relation between its focal length and the size of the plate which it 
will cover with satisfactory definition. For a given size of plate, the 
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shorter the focal length of the lens, the greater is the angle of view, 
while on the other hand, the larger the plate which a lens of given 
focal length will cover with sufficiently critical definition, the greater 
is its angle of view. Thus a lens of six inch focal length will include 
a much greater angle if used on a 5 X 7 plate than if used on a 4 X 5 
plate. Most lenses, however, particularly if of high speed, will not 
cover satisfactorily a plate much larger than that for which they are 
designed unless considerably stopped down. A lens made to cover 
with satisfactory definition a field large in proportion to ‘its focal 
length is termed a wide angle lens. 

Depth of Field.—Theoretically, even a high-grade photographic 
objective is incapable of forming a sharp image of more than one 
plane in the object space. In practice, however, not only the subject 
focused upon appears sharp, but subjects somewhat nearer and those 
much farther away also appear tolerably sharp. The distance from 
the nearest to the farthest points that appear sharp is called the depth 
of field of the objective. The depth of field of a given lens depends 
upon (1) its focal length; (2) its relative aperture; (3) the distance 
of the lens from the plane focused upon; (4) the diameter of the per- 
missible circle of confusion; and (5) the presence of various lens 
aberrations. 

In general, the image created by even a theoretically perfect lens 
does not fall upon a flat plane unless the object photographed is a flat 


Fic. 64. 


plane. Therefore, we must consider the image formed when photo- 
graphing a three-dimensional object as also being three-dimensional. 
For example, in Fig. 64 let us consider that A and B represent two 
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points in the object being photographed. A lens AA forms images 
at these points as A’ and B’, respectively. It is obvious that no flat 
plane perpendicular to the optical axis can be drawn which will include 
both points A’ and B’, Therefore, it is impossible to place a film in 
the image space which can record both of thése points at the same time 
and still have the film orthogonal to the optical axis. If the film were 
located in some such plane as FF, then the images of points A and B 
in the film plane would be recorded as disks rather than points. A disk 
of this sort is called a circle of confusion. 
If the circle of confusion is small enough, it is indistinguishable from 
a point. Therefore, the actual point image may fall slightly in front 
of, or slightly behind, the image plane without producing a blur. Fig. 
65 shows the imagery of two axial point objects A and B at A’ and B’ 
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respectively. If the maximum permissible circle of confusion is repre- 
sented by d, then the planes X’ and Y’ represent the limits within which 
the film may be placed without exceeding a circle of confusion greater 
than d. This permissible film range is known as the depth of focus, 
while the conjugate range in the object space is termed the depth of 
field. Hence in Fig. 65 the distance XV is the depth of field and the 


Brown—Theory and Practice of Depth of Focus. Brit. J. Phot. 69 (1922) 
492, 507, 521, 534. 

SoutHwortH—Numerical Expression for the Depth of Focus. Brit. J. 
Phot. 76 (1929) 483-486. 
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distance X'Y’ the depth of focus, provided the circles of confusion on 
the film do not exceed an amount which may be tolerated by the eye. 

Depth of Field and Hyperfocal Distance-—The manufacturers 
of photographic objectives usually allow a circle of confusion whose 
diameter equals 1/1000 of the focal length of the lens in computing 
depth of field tables. Hence, for a 2-inch lens the tolerable circle of 
confusion would equal 1/500 of an inch, while for a 10-inch lens the 
circle of confusion would be 1/100 of an inch. This method of select- 
ing the permissible circle of confusion compensates automatically for the 
fact that the shorter focal length lenses are used on miniature cameras 
where enlargements are almost inevitably made from these negatives. 

In computing depth of field tables it is customary to utilize the so- 
called hyperfocal distance. When a camera is focused on the hyper- 
focal distance, all objects within the range from infinity to a position 
half way between the camera and the hyperfocal point appear to be 
in focus. <A lens is said to exhibit its maximum depth of field for a 
given aperture when it is focused upon the hyperfocal distance. A 
knowledge of the hyperfocal distance for a given lens at its various 
apertures prevents unnecessary stopping down in order to secure maxi- 
mum depth of field. The hyperfocal distance of a given objective may 
be computed by means of the following equation: 


Fe? 


seh (f/number) d 


where H represents the hyperfocal distance in inches, F the focal length 
of the lens in inches, and d the diameter of the circle of confusion in 
inches (d==F divided by 1000). 

After having computed the hyperfocal distance, the near and far 
distant points of sharpness may be computed in accordance with the 
following formulas: 


nearest point of sharpness = wo : 
: Hx 
h = : 
farthest point of sharpness eee 


Where += distance focused on. 


To illustrate the use of these formulas, consider the case in which a 
photograph is made using a lens having a relative aperture of f/8 and 
a focal length of 10 inches, the object being 20 feet from the camera 
and a circle of confusion of 1/100 of an inch being regarded as per- 
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missible. In this case, 
We=- F x 10° 
(f/number) d 8 X 1/100 

Fok 
H+ x 
_ 1250 X (20 x 12) 

PPO ea) 
= 201.8” 
= 16’ — 9”. 

HX 

phe toy 

py l2s0.X 2012) 

£21950 =. 20pei2) 

= 297'/ 

SDA la 3.0, 
Hence, as measured from the camera, the depth of field extends from 
16 feet 9 inches to 24 feet 9 inches and, therefore, the zone of sharp- 
ness extends 3 feet 3 inches in front of the object and 4 feet 9 inches 
beyond it. It will be noted that the depth of field is not equal on both 
sides of the object. 

The point on which to focus in order to obtain sharp definition on 
two objects at different distances from the camera without unnecessary 
stopping down can be determined by a very simple calculation which 
usually can be done mentally. The rule is to multiply the two dis- 
tances, double this, and divide by the two added together. Thus, if 
the two objects are placed 4 and 6 feet from the camera, the point on 
which to focus would be found as follows: 

4X OX 27 48 
A 6 10 

Focus on this distance using the lens at its largest aperture and then 
reduce the aperture until the two objects are sharp. By knowing the 
exact point on which to focus, the use of a stop smaller than absolutely 


= 1250"; 


nearest point of sharpness = 


farthest point of sharpness = 


= 4.8 ft. 


necessary is avoided. 

A simple chart, due to Wright, from which, by the application of a 
straight edge, not only the distance on which to focus, but also the lens 
aperture, given the distances within which sharp focus must be ob- 
tained is shown in Fig. 66.° A straight edge applied across the scales 


5 Brit. J. Phot. 83 (1936) 609. 
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OP and OQ intersects on OR, the distance on which to focus and on 
the scales at the top the lens aperture required with lenses of 2, 3, 6 
and 10 inches focal length. The scale may be used for any multiple 
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The dotted line is not to be continued 
beyond the point where-it strikes the scale 
of Hyperfocal Distances the stop numbers 
for the lenses ere read off vertically above 
that point. 


Fic. 66. Chart for the Determination of the Distance on which to Focus 
(Wright). 


of the distances indicated by multiplying all distances by the common 
multiple and by diidimg the indicated lens multiple. Thus, if the 
distances on the scale must be multiplied by ten, the lens aperture is 
divided by ten so that 7/11 becomes f/1.1. 

Lens Aberrations.—The mathematical relations used to locate 
the image formed by a lens are based on the assumption that the mar- 
ginal rays come to the same focal point as the axial rays. When an 


Cottins—Depth of Focus and its Graphical Representation. Brit. J. Phot. 
67 (1920) 659, 676. - 
Lee—Chart for Finding the Depth of Focus. Phot. J. 62 (1922) 229; 
Brit. J. Phot. 69 (1922) 135. 
Brown—A Simple Depth Chart. Brit. J. Phot. 70 (1923) 775. 
Jones—Depth of Field Determination. Phot. Tech. 1 (1939) Oct. p. 17. 
Jacroux—Photo-Revue. 49 (1937) 289. 
LresrGAnc—Depth of Field Calculations. Phot.Tech. 1 (1939) Oct. p. 48. 
ErtxseN—Depth of Field. American Annual of Photography 54 (1940). 
Gorpon—Depth of Focus in a Nutshell. Amer. Phot. 31 (1937) 112, 114. 
Gace—Focusing Scales and a Graphical Method of Handling Depth of 
Focus. Amer. Annual of Photography 52 (1938) 181. 
WHEELER—Chart for Lens Calculations. Phot.Tech. 2 (1940) Feb. 31. 


© 


SPHERICAL ABERRATION oe 15 


actual lens is examined in practice, however, it is found that this is 
not the case. The failure of all the rays to converge to a common 
point after refraction results in a lack of perfection in imagery which 
is referred to as lens aberration. In other words, the presence of 
aberrations causes object points to be imaged not as points but as small 
finite areas of light, the size of these areas being directly proportional 
to the magnitude of the aberrations present. It is obvious that the 
smaller these areas become (through skillful lens design) the sharper 
the resulting image. It, therefore, becomes the problem of the lens 
designer to reduce these aberrations to a minimum in order that the 
image may be as sharp as possible. 

The presence of aberrations in a lens arises from several different 
causes, each of which may be spoken of separately although in practice 
the aberrations seldom exist alone. The aberrations which are com- 
monly considered separately are: spherical aberration, chromatic aber- 
ration, coma, astigmatism, distortion, and curvature of field. 


Fic. 67. Spherical Aberration. 


Spherical Aberration.—Fig. 67 represents the type of image ob- 
tained with a lens having considerable spherical aberration. It will be 
noticed that the marginal, or rim, rays come to focus nearer the lens 
than the axial rays,—in other words, the rays passing through the lens 
do not cut the axis at a single point. In a single positive lens the rays 
farthest from the axis come to focus closer to the lens, while in a nega- 
tive lens the opposite is true. Hence, the combination of a positive 
and negative lens of proper strength may be used to eliminate spherical 
aberration. Another but somewhat more expensive method of correct- 
ting spherical aberration is to form a non-spherical surface the shape 
of which will cause all the rays to come to a single point of focus. A 
single lens of this type is known as an aspheric lens. From this it is 


Satt—Graphic and Simple Method of Demonstrating Some Aberrations of 
Lenses. Brit. J. Phot. 76 (1929) 308. 
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evident that spherical aberration is due to the surface of the lens being 
spherical.® 

The combination of a positive and negative lens to neutralize spheri- 
cal aberration is a common procedure used by lens designers to over- 
come this inherent difficulty encountered with spherical glass surfaces. 
In the manufacture of photographic objectives, it is common practice 
to adhere to plane and spherical surfaces and to minimize spherical 
aberration by the proper choice of radii of curvature for the lens 
surfaces. A plano-convex lens used with its convex surface toward 
the incident light gives far less spherical aberration than almost any 
other type of single lens, particularly where parallel light is incident 
upon the convex surface. 

It is usually considered satisfactory if a photographic objective 
exhibits no more spherical aberration than an amount equal to approxi- 
mately one-third of one per cent of its focal length. Therefore, in a 
100-mm. lens marginal rays focusing at 3/10 of a mm. in front of the 
axial rays would be tolerated. 

Chromatic Aberrations——We have previously shown that the 
focal length of a single lens may be represented by the equation: 


As pointed out on page 54 the index of refraction » of any optical 
glass is different for light of different wave lengths. From this it 
follows that any single glass lens has a different focal length for each 
color of the spectrum. This effect is known as chromatic aberration. 
With a simple positive lens the focal length is shorter for blue light 
than for red, because all glasses exhibit a higher value of n for blue 
light than for red light. With a negative lens, however, the opposite is 
true and the focal length is shorter for red than for blue. Therefore, 
chromatic aberration may be corrected by making a compound lens of 
two separate lenses, one positive and the other negative, provided they 
are of the proper strength and correct indices of refraction. In prac- 
tice, the positive lens is usually made of crown glass and the negative 

6 Aspherical surfaces are used to a limited extent in the manufacture of con- 
denser lenses where the improvement in imagery justifies the large expense en- 
tailed by the handwork that must be done in shaping such a lens surface. This 
technique is usually resorted to only in those cases where the maximum amount 


of light must be passed by the condensing lens and one cannot afford to lose the 
rim ray component. 
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lens of flint. With flint the index of refraction varies by a consider- 
able amount from color to color, while the effect is not so marked with 
crown glass. In design the negative flint lens is so made that its 
variation of focal length with color is sufficient to compensate for the 
focal length color variation in the crown lens. By using flint glass 
for the negative lens, the converging effect of the positive component is 
not entirely neutralized and the resulting combination is a positive lens 
in which chromatic aberrations have been eliminated. In practice, the 
adjacent surfaces of the two components are given the same curvature 
which enables them to be cemented together with Canada balsam. 
This cement makes the two lenses a single unit eliminating the reflec- 
tion losses which would be present at the inner surfaces were they 
separated. 

Formerly, when photographic plates were only blue sensitive, the 
problem of chromatic aberration did not assume the importance that 
it does today with supersensitive panchromatic emulsions sensitive to 
light of all colors. Also, for color photography it is particularly im- 
portant that the photographic objective be free from chromatic aberra- 
tion to eliminate color fringing. Today the problem of correcting for 
chromatic aberration transcends in importance all other corrections if 
the lens is to be used for color photography. 

A doublet lens consisting of a positive and negative element which 
have been achromatized to eliminate chromatic aberration is known as 
an achromat. 

Astigmatism.—Fig. 68 indicates the manner in which an oblique 
parallel beam of light incident upon a single positive lens is brought to 
focus. When an oblique light beam of this nature is passed through 
a positive lens, a loss of perfection in imagery results known as astig- 
matism. The type of image formation can be understood best by 
considering the appearance of the image formed on a ground glass 
which is held in the neighborhood of the point of focus. If the ground 
glass is held at point A, the image is an erect vertical line; at an inter- 
mediate point the image is an ellipse. At a point midway between 
A and B the image is a circle, while at B the image again is a straight 
line but this time a horizontal one at right angles to the line image 
formed at point A. The thumb-nail sketch illustrates the type of 
images formed in the neighborhood of focus where astigmatism 1s 
present. 


Herriott—A Method of Measuring Axial Chromatic Aberration in an Ob- 
jective Lens. J. Soc. Mot. Pict. Eng. 20 (1933) 323-331. 
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The effect of astigmatism upon the image of an object containing 
horizontal and vertical lines is interesting. If the negative plane is 
so located that horizontal lines are in focus, then vertical lines are out 
of focus and vice versa. In other words, either vertical or horizontal 


Fic. 68. Astigmatism. 


lines can be focused sharply, but both cannot be in focus simul- 
taneously. 

In practice, astigmatism is lessened by the use of compound lenses 
having glasses of properly selected indices and by using a combination 
of spherical surfaces which bear the proper relation to each other. It 
should be borne in mind that astigmatism is an off-axis characteristic, 
and when an image is being examined for astigmatic defects the mar- 
ginal regions rather than the center should be scrutinized. A wire 
mesh screen photographed against a blue sky offers a very convenient 
subject to photograph when testing a lens for astigmatic defects. If 
astigmatism is present, the horizontal wires are sharp at one point of 
focus while the vertical lines are definitely out of focus. The reverse 
is true for a slightly different image plane. 

Coma.—When a bundle of rays pass obliquely through a single 
lens, it frequently happens that the rays in the neighborhood of the 
image come to a focus in approximately the same plane but fall at 
different points instead of being superimposed. When this occurs, the 
lens is said to suffer from coma. 

Figure 69 shows a comatic image. For the sake of clearness let us 
consider the lens to be divided into several circular concentric zones. 
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The image formed by the zone nearest the axis is represented by the 
small circle at A. The image formed by each successive zone is a 
slightly larger circle of confusion and displaced to the right. It is 
evident that most of the light is concentrated in the region of the 


Fic. 69. Coma. 


smallest circle, and as a result the image is brightest at its small end 
and falls off in intensity toward the larger end. The resemblance of 
this image to that of a comet is responsible for the name of this 
aberration. 

Coma is sometimes referred to as the spherical aberration of oblique 
rays. Like astigmatism it occurs at the margins of the image field 
rather than at its center. In considering both astigmatism and coma 
it should be remembered that only the simplest possible case has been 
presented here, and we have assumed that all other aberrations are 
absent. For a further discussion of this subject the reader is referred 
to any of the many reliable texts on optics. The elimination of coma 
from a compound lens is accomplished by cementing together single 
negative and positive lenses each of which suffers from coma but in 
the opposite sense. In practice, it is almost impossible to correct for 
coma in all the circular zones of the lens. Therefore, a lens is said to 
be coma free when it exhibits no coma for some particular zone and 
the amount of coma in other zones is reduced to a negligible amount. 
A doublet lens which is free from both spherical aberration and coma 
for some particular point is referred to as an aplanat. 

Curvature of Field—Curvature of field and distortion differ 
fundamentally from the four aberrations already discussed in that they 
do not pertain to the perfection of the imagery of an object point. 
Curvature of field and distortion refer to the relative location of dif- 
ferent image points as compared with the relative location of the object 
points. In other words, curvature and distortion refer to the spacial 
arrangement of the image points rather than to their degree of perfec- 
tion. When the image points of a plane object lie upon a curved 
surface rather than a plane, the lens is said to suffer from curvature 
of field. Fig. 70 represents such a condition. This type of aberration 
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is particularly disadvantageous in photographic objectives since photo- 
graphic materials are, in general, confined to plane surfaces, thereby 
making it impossible to focus the entire object sharply upon the sensi- 
tive material. Curvature of field may be corrected to some extent by 


using a combination of two lens elements of proper indices. Much 
more can be done, however, to minimize this aberration by separating 
the elements and placing a diaphragm of the proper size between them. 
An excellent example of this may be seen by examining the field of a 
single lens and comparing it with the field produced by a combination 
of two lenses, one positive and the other negative, the combination, 
however, having the same focal length as the single lens. A stop, or 
diaphragm, located at a suitable distance in front of a simple meniscus 
lens tends to flatten the field quite effectively. This procedure is 
known as artificially flattening the field, a technique employed in the 
manufacture of many inexpensive lenses. This effect is produced by 
the action of the diaphragm in causing the rays forming the image at 
the edge and the center of the field to traverse different portions of 
the lens. 
Distortion.—When a square object is imaged in the manner 
shown at A or B in Fig. 71 the lens producing this image is said to 
a B suffer from distortion. Distortion arises 
from the fact that the linear magnification 
varies with the distance from the axis. 
If the magnification is greater at the 
margin of the field of view than at its 
PiGe7i) THpestor Distortion CCutely as shown at A, positive distortion 
results; while if the magnification is 
greater at the center of the field than at its edges, negative distortion 
results, as shown at B. The terms pin cushion and barrel distortion 
are usually associated with the type of images formed at A and B 
respectively. 
The type of distortion as well as its magnitude depends largely upon 
the position of the diaphragm. Fig. 72 illustrates the effect of dia- 
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phragm location in the case of a plano-convex lens. It will be noted 
that when the diaphragm is placed in front of the lens, barrel distor- 
tion results, while if the diaphragm is located behind the lens, pin 
cushion distortion is shown. The third diagram shows an effort to 


Fic. 72. Effect of Stop or Distortion. 


combine these two opposite errors. When the diaphragm is placed 
at the proper point between the two lenses, the positive error of the 
first lens will be neutralized by the negative error of the second and a 
rectilinear, or non-distorted, image is produced. In a well designed 
photographic objective, the amount of distortion seldom exceeds 3/10 
%, even for angular distances as great as 30 degrees from the axis. 
Symmetrical objectives of the rapid rectilinear type exhibit little or no 
distortion since they are constructed symmetrically about the diaphragm. 

Balancing Aberrations in Lens Design.—In any specific photo- 
graphic objective it is impossible to eliminate certain imperfections 
which of necessity must be present,—in fact no optical system has as 
yet been devised which eliminates even a single aberration completely 
for even a. single position of the object. The best that the lens de- 
signer can do is to balance the aberrations to produce a lens which is 
useful for the purpose intended and at the same time not requiring too 
many elements thereby making it difficult to manufacture. Usually 
the lens designer develops a lens to eliminate, insofar as possible, those 
aberrations which would be most detrimental. With this in mind, he 
so selects the components, and so shapes them, that these aberrations 
will be reduced to a minimum and at the same time none of the others 
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will reach such a magnitude as to become objectionable. Usually, if 
the demands of the user are such that the relative aperture and size of 
field to be covered are not excessive, the aberrations can be so controlled 
that the quality of the image is limited solely by the finite nature of a 
wave length of light. Even in the case of wide-angle, high-aperture 
lenses, the designer usually produces an objective which is superior 
in its image formation qualities to the skill of the user. 

Resolving Power.—As previously pointed out, a study of the 
nature of light reveals it to be of a wave character. It is a commonly 
observed phenomenon that waves, for example, ocean or water waves, 
bend around the end of a breakwater thereby invading that portion of 
the water surface which would normally be completely sheltered if the 
waves travelled only in straight lines. An opaque body, such as a 
diaphragm or stop, may be considered as an “ optical” breakwater 
sheltering those areas behind it from the intrusion of light waves. A 
careful study of the action of lens diaphragms reveals, however, that a 
certain amount of the light is bent around their edge and thereby in- 
vades that portion where normally no light rays would be expected. 

Since the wave length of light is extremely short, the extent to 
which light rays are bent around a diaphragm is slight, but still is 
sufficient to affect the quality of the im- 
age, particularly when the diaphragm is 
small. This phenomenon is.referred to 
as diffraction. The diffraction pattern 
produced by a lens is shown in Fig. 73. 
The center spot represents the legitimate 
image which would be produced alone 
were no diffraction present. However, 
as a result of diffraction, the image is 
surrounded by a series of concentric 
rings which gradually fall off in inten- 
sity. As the size of the diaphragm is in- 
creased, these diffraction rings tend to 
disappear. However, on the other hand, as the lens is “ opened up,” 
other aberrations enter in to impair the quality of the image. There- 
fore, to secure optimum sharpness, the lens aperture must be small 
enough to minimize the normal lens aberration and yet not so small as 
to introduce serious diffraction. For this reason, it is usually found 
that with a given photographic objective, say, for example, an [/4.5 
anastigmat, maximum sharpness is secured when operating at some 


Fic. 73. Diffraction Image 
of Point. 
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intermediate aperture such as f/11 rather than by stopping down to the 
smallest possible diaphragm, as for example, f/32. 

The so-called resolving power of a lens may be determined by view- 
ing two closely adjacent point light sources through the lens. As the 
light sources are brought closer and closer together, a condition arises 
where they are no longer distinguishable as two separate points of 
light, and under these conditions the resolving limit of the lens is said 
to have been obtained. The angle subtended by two such points, 
which are just far enough apart to permit resolution, is commonly 
referred to as the resolving power of the lens, or the limit of angular 
resolution. 

When the normal lens aberrations are reduced to such an extent 
that they do not enter into the consideration of resolving power, and 
if the rays of light incident upon the lens are parallel, then the angle 
of resolution in seconds may be determined by the following formula: 


where a = angle of resolution in seconds, 
d = diameter of lens, inches. 


If other lens aberrations are present, the resolving power will be less 
than that indicated by the above formula. The phenomenon of dif- 
fraction sets a limit to the sharpness of imagery which can be secured 
from a lens of given size. Beyond this limit, it is impossible to go. 

The term “resolving power” is many times used loosely to define 
the limit of a given photographic objective to record fine detail in an 
object. When used in this sense, it is of no consequence whether this 
limit is imposed by diffraction or by lens aberrations. 

Diminution in Illumination of the Image with the Distance from 
the Axis.—Let us now consider the distribution of light intensity 
over the image area, that is, the decrease in light intensity toward the 
margins of the image. This effect can easily be seen by exposing a 
sufficiently large plate toward a white background so that the whole 
circle of illumination and the falling off in intensity therein appears on 
the plate. A fair percentage of the decrease in marginal image bril- 
liamcy is dependent upon the natural decrease in intensity of extra-axial 
light, a situation which cannot be avoided by any means of correction. 
To illustrate, let us designate the intensity of illumination at the center 
of the image by J, and that at the margin by J. According to Lambert’s 
law of photometry / =, cos* 6, where @ is the angle that the marginal 
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ray makes with the optical axis of the lens. In the usual type of photo- 
graphic objective this angle seldom is greater than 35 to 40 degrees. 

It will be observed that this loss increases very rapidly as the angle 
subtended by the plate at the lens increases. Unfortunately, there is 
no really practical means to prevent this decrease. 


=. Se ee 0° 10° 20° 30° 35° 40° 
j eee Fs 100% 94% 78% 56% 45 


In some types of objectives a still further loss of light is incurred 
by vignetting of the marginal rays by the lens mount itself. In gen- 
eral, this loss of light becomes smaller the closer together the lens ele- 
ments are placed. Unfortunately, it is not always possible to obtain a 
maximum aberration correction and at the same time produce a com- 
pact lens. 

Vignetting of marginal rays by the lens mount, together with the un- 
avoidable decrease in marginal intensity due to the cosine law, may re- 
sult, in extreme cases, to an intensity of illumination at the margins of 
from 15 to 25 per cent of the center illumination. 

Loss of Light in Lenses.—The speed of a lens is usually denoted 
by its f{/number which is the ratio between the focal length of the lens 
and the diameter of its entrance pupil (see page 68): A little thought 
will reveal, however, that this law is not absolutely valid since it refers 
to the quantity of light entering the lens and takes no account of the 
loss of light by absorption in the glass or by reflection at the glass air 
surfaces. The light lost by absorption is usually negligible since only 
about two or three per cent of the incident light is lost per centimeter 
thickness of glass. 

The loss of light by reflection is of much greater importance. The 
magnitude of this loss can be calculated by the equation given by 
Fresnel which is to be found in any treatise on optics. 
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Dr. A. Klughardt made such a computation for several photographic 
objectives, ranging in aperture from f/2 to f/11. The following table 
states the results of Dr. Klughardt’s computation.’ 


Type ee ea eres | ee ae 
Periscope, f/11 2 4 a 16% 20% 
Dagor, f/6.8 6 4 4 18% 22% 
Triplet, £/3.5 3 6 — 29% 32% 
Tessar, f/4.5 4 6 1 28% 33% 
Dogmar, f/6.8 4 8 — SE 40% 
Ernostar, f/2.0 6 8 Z 38% 48% 


It is readily apparent that the magnitude of the reflected light loss 
increases rapidly with the number of glass surfaces in the lens. It, 
therefore, follows that an uncemented lens would be slower than a 
cemented lens having the same relative aperature. To illustrate this, 
consider the comparison between the Dagor f/6.8 and the Dogmar 
f/6.8 as listed in the above table. With the Dagor objective, 78% 
of the incident light reaches the film, whereas with the Dogmar objec- 
tive only 60% of the light reaches the film. Hence, the increase in 
exposure necessary when using the Dogmar would be as 60:78 or 
1:1.3. In other words, the exposure with the Dogmar must be 1.3 
times that with the Dagor under like conditions. 

Methods of treating glass surfaces chemically to reduce the loss of 
light have been developed by Strong, and by Blodgett,* in the labora- 
tories of the General Electric Company and by Cartwright and Turner 
at the Massachusetts Institute of Technology. The latter method has 
been applied to lenses for motion picture projection and to several 
camera lenses. 

The Contrast of Photographic Lenses.—Ideally, a photographic 
objective should be capable of reproducing accurately the full range 
of brightness in the object photographed. In order to do so, it is 

7 Photo-Barse 7 (1925) 414. 

8 Strong, J. Opt. Soc. Amer. 26 (1936) 73. Blodgett, Phys. Review 51 (1937) 
964; 55 (1939) 391. Cartwright and Turner, Bull. Amer. Phys. Soc. 13 (1938) 
No. 10. 
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necessary that each area in the image receive light only from the cor- 
responding area in the object. When other than true image-forming 
light falls upon the image area, an adulteration of contrast occurs and 
the photographic reproduction is of lower contrast than that possessed 
by the original subject. 

The factors which most commonly contribute to the presence of ex- 
traneous light in the camera are listed below. 


Factors Affecting the Contrast of a Lens 


1. Camera leaks light. Avoidable by proper construction and 
care of the camera. 
2. Reflection of light at the glass-airsur- | Cannot be avoided but can be reduced 


face of the lens. by proper design of the objective. 
3. Reflection of light by bright metallic | Difficult to control and of rather con- 
surfaces of the lens mount, lens dia- siderable magnitude. 


phragm, and camera interior. 

4. Diffusion of light produced by foreign Principally avoidable by keeping the 
particles on the glass surfaces. (Fin- lens clean. 
ger prints, dust, etc.) 

5. Diffusion of light by foreign material Usually of too small a magnitude to be 
within the glass. of any practical consequence. 


LENS FORMULARY 
Given Object and Image Distance to determine Focal LENGTH OF LENS: 


vu 
ie Dap a 
Given Object Distance and Focal Length to determine IMAGE DISTANCE: 
__ fu 
ieetat 
Given Image Distance and Focal Length to determine OBJECT DISTANCE: 
v 
n= j 
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Given Image and Object Distances to determine MAGNIFICATION: 


pe id i 


uu—f 


Given Magnification and Focal Length to determine IMAGE DISTANCE: 


m+ 1 
ap canes 
Given Magnification and Focal Length to determine Opject DISTANCE: 
w= (m+ 1)f 
Relations between Image Distance, Object Distance, and Focal Length: 
1 Al 
naa t f 
= Of if) 


Diameter of Permissible Circle of Confusion (inches): 


eaten) 7 a: 
= 1000’ where f = focal length in inches. 


Ilyperfocal Distance: 


iT Sse ibd 
~ (f/number)d 
Distance from Lens to Nearest Point in Focus: 
Fu 
Ly = > 
ae een) 
Distance from Lens to Farthest Point in Focus: 
TTu 
eT = (u — f) 


Total Depth of Field = (Lr — Ly) 
Given Focal Length and f/number of Lens to determine Diameter of 
Entrance Pupil: 
E’ a bs 


~ f/number 

Factor by which to Multiply Exposure to Compensate for Extending the 
Lens beyond the Infinity Position: 

y2 

f 

Distance by which Lens must be Moved from its Infinity Position to 
focus upon any desired object distance (Helpful in checking footage 
scale on camera bed). a 


f-—u 


x= 


Ay = 
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Formula for the Focal Length of a Thin Lens: 


j= 6-0(b-8) 


. : hin C474 
Dioptric Power of a Lens: fh 


D= a where f = focal length in meters f = 


Formula for the Focal Length of a Thick Lens: 


dg i 1 1 (n — 1)t 
fe Ng-Rt nRiR» ) 


Equivalent Focal Length of Two Coaxial Thin Lenses which are Sepa- 
rated by a Distance a. 
fife 


f ‘¢ fi ap fe oe CL 
The following notation is used in the above formulas: 

f = focal length of lens. 

u = distance from lens to subject, inches. 

Av = distance from lens to negative plane, inches. 

m = linear magnification. 

d = diameter of the maximum permissible circle of confusion, 
inches. 

H = hyperfocal distance, inches. 

Ly = distance from lens to nearest point in focus, inches. 
Ly = distance from lens to farthest point in focus, inches. 

E = diameter of the entrance pupil of the lens, i.e., the image 
of the stop as produced by the optics in front of the 
stop, inches. 

x = exposure correction factor. 


v = distance that lens must be moved from its infinity position 
to produce sharp focus for an object distance u, inches. 
n = index of refraction of the lens material. 


R, = radius of the front lens surface, inches. 
R: = radius of the rear lens surface, inches. 
= dioptric power of a lens, diopters. 

t = thickness of the lens, inches. 


i) 
| 


Exposure Correction Required When Lens is Not at Infinity 
Position—The f/numbers marked on the lens mount of any 
camera indicate the relative light gathering power of the lens for the 
case where the lens is set at infinity, ie, when vf. For other lens 
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positions, as for example, when one is photographing at an object dis- 
tance of 6 feet, the f/numbers as marked are incorrect, and there- 
fore an exposure correction should be made to compensate for this 
error. The amount by which the exposure should be corrected for this 
condition given by the ratio v?/f?. To illustrate the use of this rela- 
tion, consider the case where the lens has been racked forward from its 
infinity position by an amount equal to one focal length, as would be 
the case for copying at unit magnification. Under these conditions, 


ae Cue, 
paige & 
This indicates that four times the exposure is needed at unit magnifica- 
tion than would be required when the lens is at the infinity position. 
Hence, if a photoelectric exposure meter indicated the exposure to be 
one second at f/16, it would be necessary at unit magnification to give 
either 4 seconds at f/16 or to open the lens up to f/5.6 if the exposure 
time is kept at one second. 

Since this correction is tedious to calculate in the field, a table relating 
magnification with exposure correction is given below: 


v = 2f, hence 


Exposure Exposure 
Magnification Factor Magnification Factor 
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HAO Sas ea lees 12 OSE ee 100 
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Kristo oro & Ma dieen carer 1.36 Waser oases Oe 144 
1 Es eee & 6" eee 1256 ere awe Sonia ote 169 
Diarra oe ARES cos 2,2 DIS GGA che FOLGE Out de wre 196 
3 Ade rt Pek te OM, 3.06 bere ar at etter cap ota O25 

Wea. oh Sia cRemaneone 4 dRoloentS atalino Ol casei 256 

DR cnet ee Me oe Ls, 9 Oe cs Rae eee eee 289 

O15 saat aoe 16 Wii aon ces cao 0 Cpa eae 324 

Ls oct eey C 25 Sipe cacti tee are rasa 361 

Sidecar st ahceerbeeneeat 36 1 Oe ne emerson, late re 400 
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McIztwarne—Calculating Exposures for Close-Ups. Phot.Tech. 1 (1939) 
Nov. p. 44. 

Martin—A Scale for Indicating the Increase in Exposure When the Bel, 
lows is Extended. Amer. Phot. 

WueELER—Chart for Lens Calculations. Phot.Tech. 2 (1940) Feb. p. 31 

CuarLtes—Determination of Exposures in Copying by Artificial Light. 
Brit. J. Phot. 69 (1922) 709. 
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PHOTOGRAPHIC OBJECTIVES 


Introduction.—This chapter is designed to provide a concise 
summary of the principal types of photographic objectives in use today. 
No attempt has been made to make it exhaustive, nor to include con- 
structional details which would be of interest only to the designing 
optician. A bibliography and full patent data have been included which 
it is believed will meet the needs of those requiring more extended and 
detailed information. 

Single Lenses.—Single uncorrected lenses are seldom used today 
except on the very cheapest cameras. A single lens cannot be cor- 
rected in any way and consequently sharp definition can be obtained 
only with a small diaphragm. As the visual and photographic images 
do not coincide, the single lens is suitable only for box cameras or those 
focused by scale. 

The meniscus form is usually employed since it has a larger useful 
field than a biconvex lens (Fig. 74). 


ingress ine, 7a. 


The usual form of single achromatic lens consists of two cemented 
menisci, the positive (Fig. 75) lens being next to the diaphragm and 
consisting of crown glass while the rear lens is negative (dispersing) 
and consists of flint glass. This construction appears to be due to the 
English optician Grubb* and results in better spherical correction and 
a larger field than the combination of a biconcave and biconvex element 
used in the earlier single lenses of Chevalier (Fig. 76). 


1B.P. 1968 of 1857. 
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The three-glass design patented by Dallmeyer (Fig. 77) is not used 
today despite its larger aperture because of the increased cost of 
manufacture. 


On some box, and other fixed focus cameras, provision for photo- 
graphing nearby objects is made by mounting a simple negative or 


Fic. 76. Ge /i7s 


»y 


positive lens of low power in front of the diaphragm in such a way 
that it can be readily shifted to one side when not required. If the 
front lens is negative, it is removed and the rear lens used alone when 
photographing nearby subjects. With a low power positive lens, these 
conditions are reversed and the front lens is used only for nearby 
subjects. 

Double Objectives.—Simple double objectives of the type shown 
in Fig. 78 are used frequently where an inexpensive lens having a larger 
aperture than a single lens is desired. This construction results in a 
lens free from distortion, a flatter field and better spherical correction 
than the simple meniscus lens. The relative aperture is usually about 


f/11. 


2») » 


WK, 74S Fic. 79. 


A modification of the simple doublet is shown in Fig. 79. In this, 
the front element consists of a positive and negative component, the 
distance between the two being adjustable at will. The focal length 
of the complete lens depends upon the separation of the two components 
of the front element; thus the lens may be focused by screwing the 
front element of the lens in or out so as to vary the separation between 
the two. 
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Soft-Focus Lenses.—Lenses corrected partially for spherical or 
chromatic aberration in order to produce a diffused or “soft-focus” 
image are used frequently by pictorialists who object to the sharp defi- 
nition of a fully corrected lens. 

In most cases, the objectives are corrected for chromatic but not com- 
pletely for spherical aberration; the undercorrection of the latter results 
in the diffused image characteristic of such lenses. Objectives of this 
type take several constructional forms. A number are single lenses. 
The Plastigmat of Bausch & Lomb and the 
Verito of Wollensak (Fig. 80) are of un- 
symmetrical construction, the front compo- 
nent consisting of a single lens and the rear 
a cemented doublet resembling a single land- 

| scape lens. In the case of the Verito, the 

single element may be used alone, thus ob- 

Frc. 80. taining a focal length approximately twice 

that of the complete lens. ‘Both lenses are 

corrected for chromatic aberration and there is no focus difference. 
The degree of diffusion is controlled by the diaphragm. 

In a number of cases, anastigmatic lenses intended particularly for 
portrait work and Petzval-type portrait lenses are designed in such a 
way that a diffused image may be obtained when desired by altering the 
position of one of the elements of the lens. 


Vic. 81. The Aplanat of Steinheil and Rapid Rectlincar of Dallmeyer. 


The Rapid Rectilinear or Aplanat.—Historically, this objective 
is interesting as the first well corrected symmetrical? lens covering a 


2A double objective in which the arrangement of glasses is the same on both 
sides of the diaphragm is said to be of symmetrical design. Such objectives are 
usually so designed that the front and rear components may be used separately at 
smaller apertures. In this case, the complete objective affords a choice of at least 
two and frequently three focal lengths when the single elements are used. 
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wide field at a comparatively large aperture. It has, however, been 
almost completely supplanted in recent years by anastigmatic lenses of 
the simpler constructions, since these are no more difficult to manu- 
facture and possess an astigmatically flattened field with superior defini- 
tion and, frequently, a larger aperture. 

Triplet Constructions (Not Anastig- | 
matic).—Simple triplet constructions are 
used for several objectives designed for 
studio portraiture. Usually no attempt is 
made to secure a high degree of correction 
in such cases; the aberrational errors re- | 
maining, are so controlled as to produce Fic. 82. 

a “plastic” image. The Sigmar (f/4) of 

Bausch & Lomb, and the Hypar of Goerz (f/3.5) are of this type. 
The character of the image is intermediate between that of fully cor- 
rected and soft focus lenses. 

Conditions Necessary for the Simultaneous Correction of Astig- 
matism and Spherical Aberration.—The conditions necessary for 
the simultaneous correction of astigmatism and spherical aberrations 
have been summarized by R. Steinheil as follows: * 

“An objective may be corrected for spherical aberration if two media 
are separated by a convex surface turned towards the medium of higher 

refraction; for astigmatism if the 

A B D C surface is concave to the medium 
having the higher refraction.” 

Thus, in Fig. 83, A and C are 

flint glass lenses of high relative 

dispersion and B and D are of 

crown glass with low dispersion. 

In the lens at-the left, the ce- 

Fic. 83. Illustrating the Conditions mic’ surface is ts uovale 
Necessary for the Correction of Spheri- medium of higher refraction, thus 
cal Aberration and Astigmatism in a correcting for spherical aberra- 
Cemented Doublet Lens. tion, while in the lens at the right, 

the cemented surface is concave 
to the glass having the higher refraction, the condition necessary for the 
removal of astigmatism. 

Simultaneous correction for both spherical aberration and astigma- 
tism, therefore, involves the employment of one or more surfaces, which 


3 Eder’s Jahrbuch, 1897. “Origin and History of the Orthostigmats.” 
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may or may not be cemented surfaces, concave to media having a higher 
refractive index and other surfaces convex to media with a higher 
refractive index. 

After the introduction of Jena glass, it became possible to make the 
collecting lens of glass having higher refraction and lower dispersion 
than the dispersing lens and thus secure astigmatic correction. The old 
achromat made of ordinary crown and flint could be corrected spherically 
but not astigmatically ; the new achromat, while corrected astigmatically, 
cannot be spherically corrected. However, by combining the ordinary 
crown and flint of the old achromat with the barium crown glass of 
the new achromat, it became possible to correct both astigmatism and 
spherical aberration in the same lens. By combining two such achro- 
mats both of which are individually corrected to form a symmetrical 
objective, a larger aperture becomes possible together with correction 
for curvature of field, coma, and distortion. This is the principle fol- 
lowed in the construction of most of the symmetrical lenses as the 
Goerz Double Anastigmat or Dagor, the Voightlander Collinear, 
Turner-Reich Anastigmat, etc. The other method is to use two dis- 
similar combinations, one of which is spherically corrected while the 
other is astigmatically corrected ; the two when placed on opposite sides 
of the diaphgram form an unsymmetrical objective which is completely 
corrected as a whole but not individually. This is the principle followed 
in the construction of most of the large aperture anastigmats.* 

Objectives Composed of Three Cemented Lenses.—The condi- 
tions necessary for the correction of both astigmatism and spherical 
correction may be satisfied in a single objective consisting of three ce- 
mented lenses. Such an objective may take several forms (Fig. 84). 


Type A 


In the construction shown at the left, the indices of refraction of the 
three glasses increase from left to right, 1.e., in the direction of the inci- 
dent light. Hence, the first cemented surface is convex to the glass 
of lower refraction, meeting the condition for the correction of spherical 
aberration. The second cemented surface is convex to the glass of 


4 The statement is often made that anastigmatically corrected objectives were 
not possible until after the introduction of Jena glass. This is not true. The 
Steinheil Unofocal and the Omnar of Busch do not require any of the glasses de- 
veloped at Jena and the, Cooke triplet can be made with the older glass. It is 
true, however, that designers were unable to produce an astigmatically corrected 
objective until the new glasses of Schott at Jena became available. 
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higher refraction and thus satisfies the requirement for astigmatic cor- 
rection. Consequently, correction for both is secured by the opposition 
of the two cemented surfaces in an objective composed of only three 
cemented lenses. 


(a) (b) 
(c) (d) 
Fie. 84. Constructional Forms of Anastigmatic Objectives Composed of Three 
Cemented Lenses. 


Well designed objectives of this type give satisfactory definition at 
an aperture of about f/12.5. The combination of two such objectives 
on opposite sides of the diaphragm to produce a symmetrical objective 
enables the aperture to be increased to £/6.8, or even larger, if the 
complete objective is designed to cover a somewhat smaller field. 

This construction is especially noteworthy for the excellent definition 
of both the single and complete objective and for the comparatively 
wide angle (70-80°) covered sharply by the double objective, particu- 
larly at a small stop. 

Both Paul Rudolph of the firm of Carl Zeiss, and Von Hoegh of the 
firm of C. P. Goerz, applied for patents on lenses of this type at about 
the same time. The first objective of this type to be placed on the 
market, however, was the Dagor of Goerz (Berlin). 

The following objectives are of this type: 


Aristostigmat, f/6.8 Hugo Meyer & Company—Goerlitz 
(Germany ) 

Symmar, f/6.8 Joseph Schneider & Company—Kreuznach 
(Germany) 

Double Orthar, f/6.8 Plaubel 


5 Rudolph, B.P. 4692 of 1893. Von Hoegh, D.R.P. 74,437 of 1892; B.P. 23,378 
of 1892, 
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In 1908, Zschokke of the firm of C. P. Goerz improved the astig- 
matic correction of lenses of this type through the use of newer glasses 
of higher refractive index for the central dispersing lens. A similar 
improvement was patented also by Carl Zeiss.” 


Tyee B 


The construction shown in (b) of Fig. 84 consists of two negative 
lenses, one having a lower, the other a higher refractive index than the 
interposed positive lens. In this case, the arrangement of cemented 
surfaces is reversed and the indices of refraction decrease in the direc- 
tion of the incident light. 

This construction was patented by Rudolph for Carl Zeiss in 1892 § 
and an objective of this type has been made for several years by Stein-- 
heil as the Satz-Anastigmat and by Watson of London as the Holostig- 

mat. The single elements of this have 
a relative aperture of f/8.5 and the 
double lens, formed of two like halves, 
an aperture of [/4.6. 
= The outer meniscus lenses of this 
design permit the attainment of a par- 
ticularly favorable proportion between 
the diameter of the lenses and the 
Fic. 85. length of the objective, together with a 
relatively large aperture, making this 
construction especially suitable for wide angle objectives. The An- 
gulon of Joseph Schneider (Kreuznach, Germany) designed by Tron- 
nier has a relative aperture of f/6.8 (as a double objective) and covers 
an angle of 100° (Fig. 85). 


Aaa (C 


The construction shown in (c) of Fig. 84 consists of a meniscus lens 
of low refraction between a double convex positive lens of high re- 
fractive index and a double concave negative lens of medium refraction. 
The Voightlander Collinear #° and the Steinheil Orthostigmat are the 
best known objectives of this type. 


6 B.P. 13,902 of 1908. 
7B.P. 26,317 of 1910. 

8 B.P. 4692. 

NOS pies, Ibsky4htO) Gre OEY 
10 B.P. 562,614 of 1896. 
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A fourth design consists of three menisci, the two nearest the dia- 
phragm being positive, the third negative, or dispersing. The central 
meniscus is composed of glass of low refractive index, the rear of 
higher index, while the lens nearest the diaphragm is of glass with the 
highest refractive index of all. This design is favorable for the con- 
struction of spherical aberration, but does not result in the same degree 
of astigmatic correction as the other designs. This design was pat- 
ented by Kaempfer for Voightlander in 1896." 

Objectives Composed of Four Cemented Lenses.—This design 
represents the combination of the old achromat and the new achromat, 
made possible by the glasses produced at Jena, which enabled the astig- 
matic correction to be made. 

This construction, because of the increased number of surfaces at the 
disposal of the designer, is especially noteworthy for the high degree 
of correction and the large flat field, but is not suitable for large 
aperture objectives. 

Some of the forms given the four glass cemented element are shown 


in Fig. 86. 


(a) (b) (c) 
(d) (e) 


Fic. 86. Constructional Forms of Anastigmatic Objectives Composed of Four 
Cemented Lenses. 


The design shown in (a) was calculated by Paul Rudolph and intro- 
duced by Carl Zeiss of Jena as the Protar.” 

The single elements have a relative aperture of f/12.5 and the double 

11 B.P. 562,614 of 1896. 


12 B.P. 4692 of 1893. The following patents relate to objectives of this type: 
Rudolph (Carl Zeiss) D.R.P. 228,677; B.P. 23,607 of 1909. 
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lens, composed of two such elements, an aperture of f/6.8 or f/7.7, 
depending upon the relative focal lengths of the two components. A 
lens of similar design introduced by Ross Ltd. of London (England), 
from calculations by Hasselkus, as the Combinable,* has a relative 
aperture of #/11 for the single elements and f/5.5 for the double 
objective. 

The design shown in (b) was patented by Carl Zeiss from calcula- 
tions by Merté™ and has a relative aperture of f/9.5 for the single 
elements and #/4.5 for the double objective. 

The constructions shown in (¢), (d) and (e) of Fig. 86 are all of 
minor importance. The first of these three was used in a lens intro- 
duced by Goerz as the Pantar.> The second form was introduced by 
Reichert in Vienna as the Combinar and the third by Rietzschel as the 
Linear*® None of these lenses are now made. 

The Five Lens Element.—The five lens element increases the 
number of surfaces and elements of construction at the disposal of the 
calculator and makes possible an exceptional degree of correction for 
the single element. Despite this, the five lens element has never been 
popular and but few opticians have placed lenses of this design upon 


(a) (b) 


Fig. 87. Constructional Forms of Anastigmatic Objectives Composed of Five 
Cemented Lenses. 


the market. The construction shown in (a) of Fig. 87 was introduced 
by the Gundlach-Manhattan Optical Company of Rochester, N. Y. as 
the Turner-Reich lens. Another lens of this type (b of Fig. 87) was 
introduced by Goerz from calculations by Von Hoegh. 

Objectives Developed from the Three and Four Glass Cemented 
Lenses.—In a cemented element of three lenses, anastigmatic 
flatness is obtained and spherical aberration corrected by the use of 
two cemented surfaces, one of which is collective, the other dispersive 

18 BLP. 29.639 of 1913. 

14ULS.P. 1,479,197 and 1,479,196 of 1924; B.P. 146,465 of 1919. 

15 D.R.P. 171,369 of 1904. 

16 D.R.P. 118,466 of 1898. 
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in effect. If, in computation, the necessary power of refraction of the 
central lens is reduced until it becomes equal to that of air, an element 
of two glasses is produced which satisfies the conditions necessary for 
the correction of spherical aberration and astigmatism, since one surface 
is concave to a medium having a lower refractive 
index, namely, air, while the other is convex. Ob- | 
jectives of this type were introduced by Goerz, 
from calculations by Von Hoegh, as the Celor and = Si 
Syntor; the first with a maximum aperture of 
f/4.5 and the latter, designed for hand camera | 
use, with an aperture of f/6.8. With this con- Fic. 88. Objec- 
struction, however, full comatic correction is im- tive Developed 
possible unless the symmetrical design is departed ee tee ne 
from, and the Celor and Syntor are no longer made. [ons The Celor 
A later introduction, known as the Dogmar, in of Goerz. 
which the symmetrical construction has been de- 
parted from, is still made. It has an aperture of f/4.5 and the single 
elements may be used alone at f/32. 
Objectives of the type illustrated in Fig. 89 may be regarded as a 
development of the three glass cemented element, one of the three 
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(c) 
Frc. 89. Development of the Three-Glass Element Through the Introduction of 
Air-Spaces. 


lenses being separated from the remaining two by an air space. The 
greater freedom which this construction affords the designer makes 
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possible an increase in the relative aperture without materially reducing 
the angular field covered or the degree of correction. 

The design shown in (a) has been manufactured for several years 
by Hugo Meyer of Gorlitz (Germany) as the Euryplan.* The single 
lenses have a relative aperture of f/11 and the double objective an 
aperture of f/6. The Zeiss Orthometar,'® (b), designed for aerial 
photography, has a relative aperture of f/4.5 and covers an angular 
field of 65°. 

The Double Plasmat introduced by Hugo Meyer (Goerlitz, Ger- 
many) from calculations by Paul Rudolph (c) has been designed pri- 
marily to obtain greater depth of plasticity on planes before and behind 
the plane in sharp focus. The single lenses have a relative aperture 


of f/8 and the double objective f/4.5. 


(a) 


(b) 
Fic. 90. Objectives Developed from the Four-Glass Cemented Lens Through the 
Introduction of Air-Spaces. 


The Ross Wide Angle X-Press (d) is also designed primarily for 
aerial photography and includes an angle of 80° at a relative aperture 


Bt (G P23 55742. 
2 Biel Eye /iteyatoror 


KincsLakE—Design of Wide-Aperture Photographic Objectives. J. Appl. 
Physics 11 (1940) 56. 
Lree—New Lens Systems. Phys. Soc. Reports on Progress in Physics 7 


(1940) 130. 
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of f/4. The single elements, however, are not designed for use 
alone. 

The objective shown in Fig. 90 may be regarded as a development 
of the four glass cemented element, an air space being added to afford 
the designer greater liberty in meeting the conditions necessary for 
adequate correction. The Cooke (Taylor, Taylor and Hobson, Lei- 


Fic. 91. Petzval’s Portrait Objective and Its Modifications. 


cester, England) Convertible Series XV 7° is noted for its excellent 
correction for color. The single lenses have a relative aperture of 
f/11 and the double lens an aperture of f/6.8. 

The Wollensak Velostigmat Series I (Wollensak Optical Company, 
Rochester, N. Y.) is similar. 


19 B.P. 376,044 of 1932, 
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The design shown in (b) was calculated by Warmisham (Taylor, 
Taylor and Hobson Ltd., Leicester, England) but was not placed upon 
the market.2° It had a relative aperture of f/4.5 for an angular field 
Orooe, 

Lenses Based Upon the Portrait Lens of Petzval—The tremend- 
ous contribution of Joseph Petzval to photography, and particularly 
portrait photography, through the calculation of the portrait objective 
known as the Petzval lens, has already been noted. (Page 10.) The 
original Petzval design (Fig. 91) consisted of a cemented biconvex 
and biconcave lens*in front of the diaphragm and a rear component of 
two separate lenses, the first a negative meniscus with its convex side 
facing the diaphragm, and a double covex collecting, or positive, lens, 
the air space acting as a negative meniscus lens. This design results 
in excellent definition but only for a small angular field (about 24°), 
which is decidedly curved and, owing to the length of the objective, the 
illumination is uneven diminishing rapidly from the center towards the 
edges. Practically, lenses of this type are suitable only for head and 
shoulder portraiture, or for work requiring a small angular field. 

Portrait lenses of the Petzval type are still popular although they 
are gradually being superseded, even for portraiture, by anastigmatic 
objectives. Most of the Petzval type lenses made in recent years 
appear to be based on the modified form patented by J. H. Dallmeyer 
of London in 1866. The modification consisted essentially in reversing 
the two lenses of the rear half of the lens and had the effect of increas- 
ing slightly the angular field and permitted the use of a somewhat larger 
aperture. Other modifications were made by Voightlander in 1878, 
who was able to remove the air space in the rear element at some sacri- 
fice of the spherical correction and by Zincke-Sommer (1870) who in- 
creased the aperture to f/2.3. 

The Petzval construction, because of its 
excellent central definition, has continued 
to find favor with calculators for pro- 
jection lenses and for photographic pur- 
poses, where a large aperture is required 

Fic. 92. and the field to be covered is small, as in 
cinematography. 

Urban of Berlin in 1921 increased the speed to f/2.0 with acceptable 
correction for a field of 25° by introducing air spaces in both the front 
and rear elements (Fig. 92) and through the use of newer glasses, in 


20 B.P, 260,801 of 1925. 
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particular a heavy baryta crown.”! A similar design was patented by 
Frederick and Altman (Fig. 93), Eastman Kodak Company.*? In both 
of these designs, the vignetting of the marginal portions of the image 
has been greatly improved over earlier designs of this type. 

Lee (Taylor, Taylor and Hobson, Leicester, England) replaced the 
front half of the Petzval design with a 
triplet to obtain a relative aperture of 
f/1.8 and a comparatively flat field of 
about 352.5 

Warmisham also of Taylor, Taylor and 
Hobson patented three designs (Fig. 94) 
in the first of which the front member Fic. 93. 
consists of two converging members sepa- 
rated by an air space with a dispersing effect. In the second, the rear 
element is divided, a positive meniscus being added to the usual rear 
half. The third consists of a combination of the modified front and 


(a) (b) 


(c) 
Fic. 94. 


rear halves together. This results in comparatively good definition at 
a relative aperture of f/1.5.%4 


lm, Oy. 
21U.S.P. 1,474,743 of 1923. 
22U.S.P. 1,620,337 of 1927. 
23 B.P. 299,983 of 1927. 
2B P2958, 09Z201 19250 Ws: bale / 97202001 LOSI. 
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Two further designs patented by Schade 7° (Eastman Kodak Com- 
pany) (Fig. 95) are designed primarily for projection purposes and 
have a relative aperture of f/1.3, with a greatly improved correction 
for coma and spherical“ aberration and a considerable reduction in 
curvature of field and astigmatism. 

The Anastigmat Triplet of H. D. Taylor and Its Derivatives.— 
The first successful anastigmatic tripiet objective was developed by 
H. D. Taylor 2* in 1893, and is frequently termed the Cooke triplet, 
since Mr. Taylor was then in the employ of T. Cooke and Sons, Ltd. 

In this triplet construction (Fig. 96), the two outer collecting lenses 
are identical and are designed to be practically free from coma; this 

result is secured by the use of an inter- 
| mediate form of lens in which the 
inward coma of one surface is neutral- 
ized by the Gutward coma of the oppo- 
site surface. The burden of correcting 
the entire system is thrown upon the 


| central dispersing lens, which fulfills a 
threefold office: (1) It flattens the final 

Fic. 96, image and corrects marginal astigma- 

tism, producing a flat astigmatic field; 

(2) It corrects the color aberrations of the convergent lenses and 


makes the complete system achromatic; (3) It corrects the residual 
spherical aberration of the two collecting lenses and renders the final 
image aplanatic. 

Despite its extreme simplicity, the triplet of H. D. Taylor results in 
excellent performance and lenses based upon his patents were placed 
upon the market by Taylor, Taylor and Hobson, Ltd., of Leicester 
(england) in several series from f/8 to #/3.5, the latter being designed 
for portrait work and covering a smaller angular field than the others.?7 

25 U.S.P. 2,158,201 and 2,158,202 of 1939. 

e5°B PR. 22,007. 

*7 The following patents relate to photographic objectives based upon the 
simple triplet design of H. D. Taylor: 


Lee, Taylor, Taylor and Hobson, B.P. 155,640 of 1919. An unsymmetrical triplet 
with improved correction and a flat field of 45° at £/3.0. 

Tronnier, Schneider-Werke, U.S.P. 1,987,878 of 1935. An unsymmetrical triplet 
with improved correction for an aperture of #/4.5. 

Warmisham, Taylor, Taylor and Hobson, B.P. 157,036 of 1920. A triplet with 


shallower curves to reduce manufacturing costs. 
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Among other lenses employing a similar triplet construction may be 


mentioned: 


Apotar, f/4.5 
Aldis, Series O, f/3.0 
Topaz, f/2.9, f/3.5, #/4.5, f/6.3 
Glaukar, f/2.5, f/2.8, £/3.1, f/4.5 
Trioplan, f/3 
Portrait-Trioplan, f/3.0 
Trioplan, f/2.9 

f/4.5 

f/6.3 
Eurygon, f/4.5 
Burynate y/o 4-5 
Trinar, f/2.9, f/4.5, #/6.3 
Trylor, f/4.5, £/6.3 
Radionar, f/2.9, £/3.5, f/4.5, £/6.3 


Kinoplan, 

Radionar, f/6.3 

Cassar, f/4.5 and f/3.5 
Cassar, f/2.5, f/4.8 


Triplar, f/2.8 


Helomar, f/3.5 

Voigter, f/3.5, f/7.7 
Supateny/ 3-0) 7/49 
Miiotar/ Ss andes / So 
Triotar, f/3.5, f/4.5, £/5.6 
Triplet, f/4.8 

Nettar, £/3.5, f/7.7 
Novar, f/6.3 


Agfa—Frankfort (Germany) 

Aldis Bros.——Birmingham (England) 
Boyer Etab—Paris (France) 

E. Busch & Co.—Rathenow (Germany) 
Hugo Meyer—Goerlitz (Germany ) 
Hugo Meyer—Goerlitz (Germany ) 


Hugo Meyer—Goerlitz (Germany ) 


G. Rodenstock—Munich (Germany) 

G. Rodenstock—Munich (Germany) 

G. Rodenstock—Munich (Germany) 

H. R. Roussel—Paris (France) 

Joseph Schneider & Company—Kreuznach 

(Germany ) 

Schneider-Werke—Kreuznach (Germany ) 
Schneider-Werke—Kreuznach (Germany) 
Steinheil and Soehne—Munich (Germany) 
C. A. Steinheil & Soehne—Munich 


(Germany ) 

C. A. Steinheil & Soehne—Munich 
(Germany ) 

Voightlaender & Soehne—Brunswick 
(Germany ) 


Wray Ltd—Bromley (England) 
Carl Zeiss—Jena (Germany) 
Carl Zeiss—Jena (Germany ) 


Zeiss Ikon—Dresden (Germany) 


Objectives Developed from the Triplet Design of H. D. Taylor. 


—The simple triplet of Taylor was modified by H. L. Aldis (B.P. 5170) 
who cemented the central dispersing lens to the front collecting lens, 
placing a single collecting lens in the rear of the diagram (Fig. 97). 
In this design, the spherical corrections are made principally by the 
cemented surface and astigmatic flattening of the field by the rear ele- 
ment. This construction is simple and well adapted to objectives of 
moderate apertures 1.¢,.1/7./ to f/0.3. 

A second development of the original simple triplet of H. D. Taylor 
consists (Fig. 98) of two positive elements, each a cemented doublet, 
with a centrally placed negative component. The increase in the num- 
ber of elements of construction and the introduction of cemented sur- 


106 ©o® PHOTOGRAPHIC OBJECTIVES 


faces enable the necessary corrections to be carried out more easily 
and completely than in the simple triplet and results in an objective with 
better correction and covering a larger field. 


HE 


Fic. 97. Fia. 98. 


Both symmetrical and unsymmetrical objectives of this type have been 
designed. The unsymmetrical design permits more complete correction 
for astigmatism and curvature of field, but is not perfectly rectilinear. 

The best known objective of this type is the Heliar of Voightlander 
(Brunswick, Germany) which was calculated by Harting (U.S.P. 
716,035). This has been made in several series with apertures up to 
f/3.5. An objective of similar design, known as the Dynar, with an 

aperture of f/6.8 is no longer made. 

A third modification of the simple triplet consists 
essentially in dividing the central negative lens into 
two similar lenses but of lower individual power. 
This permits the employment of shallower curves 

i than the single negative lens of the original triplet, 

Fre. 99. and enables the corrections for coma to be carried 

out more thoroughly, resulting in a larger flat field. 

The best known objective of this type is the Aviar of Taylor, Taylor 
and Hobson which was designed by Warmisham (Fig. 99).?§ 

The demand, in recent years, for large aperture objectives for cinema- 
tography and the miniature camera has caused designers to give par- 
ticular attention to the possibilities of the triplet construction with the 
result that a large number of patents have been issued for lenses which 
have been derived from one of the designs already described, although 
in their final form many of these developments bear little or no resem- 
blance to the triplet. Since few of these designs have actually been 
used, detailed discussion seems unnecessary. In Fig. 100 are shown a 
number of designs patented by Lee and Warmisham, who are associated 
with Taylor, Taylor and Hobson of Leicester (England), and Bertele 
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Bertele: {/2.9 Bertele: f/1.2 Bertele: {/2 
B.P. 237,861 (1925) U.S.P. 2,141,733 (1937) B.P. 186,917 (1923) 
Bertele: {/2.7 (Biogon) Bertele Bertele: //1.4 
U.S.P. 2,084,309 (1937) B.P. 234,743 (1924) U.S.P. 2,029,806 (1935) 
( : > 
Bertele: {/1.5 (Sonnar) Bertele: Lee: f/1.4 
U.S.P. 1,975,678 (1934) B.P. 499,290 (1938) B.P. 477,424 
Bertele: f/2 Berek: f/2 Carl Zeiss 
B.P. 383,591 (1932) U.S.P. 1,939,098 B.P. 496,865 
Warmisham: {/1.8 Belicke: f/2 (Ernostar) 
B.P. 280,392 B.P. 186,917 (1921); 


191,702 (1922); 
193,376 (1923); 
232,531 (1924) 


Fic. 100, Large-Aperture Anastigmat Lens Constructions Developed from the 
Cooke Triplet. 
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who was formerly in the employ of the Erneman-Werke of Dresden, 
but later a member of the staff of Carl Zeiss of Jena (Germany). 
The Ernostar with an aperture of f/2 
was placed on the market by the Erneman- 
Werke of Dresden, but is no longer made. 
The Sonnar has a relative aperture of 
f/1.5 and is designed for use on the 
Zeiss Contax. 
| A design, patented by Belicke ?® in 
Fre: 101: which the rear collecting lens of the triplet 
is divided into two, is shown in Fig. 101. 
Triplets with Cemented Rear Doublet.—The first triplet of this 
type was designed by Paul Rudolph and issued commercially by Carl 
Zeiss of Jena (Germany) in 1903 as the Tessar (Fig. 102). 
The Tessar was not derived from the triplet of H. D. Taylor, how- 
ever, but from two earlier lenses designed by Rudolph. One of these 
(Fig. 103) consisted of a spherically corrected glass pair and an astig- 
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matically corrected glass pair on opposite sides of the diaphragm. 
This design was placed on the market as the Protar (not to be confused 
with later lenses bearing the same name) by Carl Zeiss in 1890, and 
while it was excellently corrected for a large angular field, it could not 
be made to work at a large aperture. Realizing the greater freedom 
which the substitution of air spaces for cemented surfaces would allow, 
Rudolph calculated an objective of the type shown in Fig. 104 which 
was introduced by Carl Zeiss in 1899 as the Unar. The Unar had a 
relative aperture of f/4.5. The Tessar may be regarded as a combina- 
tion of the front half of the Unar and the rear half of the older Protar. 
The front half consists of a collecting, or positive, lens and a dispersing 
or negative, lens separated by an air space having a negative effect. 
The rear half consists of a cemented negative and positive lens, the 
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cemented surface having a collective effect. The front half has a 
negative focus; the rear is strongly positive. The construction, there- 
fore, is completely unsymmetrical. 

This basic design has been one of the most successful yet developed 
for anastigmat objectives except where a large angular field is neces- 
sary or an aperture larger than f/3.5.°° 

The following are triplets with cemented rear element and are thus 
similar to the Tessar of Zeiss: 


Aldis, Series I and II, £/4.5 Aldis Bros.—Birmingham (England) 
Tessar, Series Ic, £/4.5 Bausch & Lomb Optical Co.—Rochester, 
Series IIb, f/6.3 ING WG 

Sapinits 7/3.) 7/4205 1) O23 Boyer, Paris (France) 
Glyptar, f/3.5 and £/4.5 FE. Busch & Co.—Rathenow (Germany) 
Serrac, f/4.5 Dallmeyer Ltd—London (England) 
Ektar, £/3.5, f/4.5, #/4.7, #/6.3 Eastman Kodak Co.—Rochester, N. Y. 
Kodak Anastigmat, f/4.5 Eastman Kodak Co.—Rochester, N. Y. 
Kodak Anastigmat Special, 

H/Seo ant ALD 
Kodak Process Anastigmat, f/10 
Kernon, f/3.5 and f/4.5 Kern & Co.—Aaran (Switzerland) 
Dialytar, f/2.7, £/3.5, f/4.5, f/6.3 J. Laack & Soehne—Rathenow (Germany) 
Blmaty 7/32) 1/45 1/0:3 E. Leitz—Wetzlar (Germany) 
Primotar, f/4.5 Hugo Meyer—Goerlitz (Germany) 
Anticomar, f/2.9, f/4.5 Plaubel & Co.—Frankfort (Germany) 
Wisatne;/o:0) fi) 425 G. Rodenstock—Munich (Germany ) 
Stylor, f/4.5, £/6.3 Roussel—Paris (France) 


Xen AT 2:08) Lo) f/ deOseh/ Oe J. Schneider & Co.—Kreuznach (Germany) 


30 The following is a list of the more important patents for objectives of the 
Tessar type: 


Belicke, Bausch & Lomb Optical Co., U.S.P. 1,558,073. Improved correction for 
coma, 

——, Carl Zeiss, B.P. 146,211 of 1917. Recalculation of Tessar to employ more 
resistant glass types. 

Merte, Carl Zeiss, B.P. 146,213 of 1917; U.S.P. 1,479,195. Improved spherical 
correction. 

== CanleZeissb 270,274 0101926.) Coversrangular heldvot 55 at 7/3.5: 

Lee, Taylor, Taylor and Hobson, B.P. 209,371 of 1923. Apochromatic objective, 
f/10. 

Tronnier, Schneider, U.S.P. 1,924,527 of 1933. Simplified design for greater 
tolerances in manufacture. 

Tronnier, Schneider, U.S.P. 2,084,714 of 1937. Improved correction of zonal 
aberration for an aperture of f/3.5. 

Warmisham, Taylor, Taylor and Hobson, B.P. 209,371; B.P. 240,508. Construc- 
tions employing aspherical surfaces. 
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Skopar, £/3.5, /4.5 Voightlander & Soehne—Brunswick 
(Germany ) 
Velostigmat, f/4.5 Wollensak Optical Co.—Rochester, N. Y. 
Apo-Tessar, f/9 Carl Zeiss—Jena (Germany) 
Tessar, f/2.7, f/2.8, #/3.5, f/4.5, Carl Zeiss—Jena (Germany ) 
f/6.3, £/8.0 
Novar, f/4.5 Zeiss-Ikon—Dresden (Germany) 


Development of the Triplet with Cemented Rear Doublet.—In 
Fig. 105 are shown a number of objectives developed from the triplet 
with a cemented rear doublet in which the rear half has been made into 


(a) (0) 


| 
(c) 


Fic. 105. Objectives Developed from the Triplet with Rear Cemented Doublet. 


a cemented triplet. The particular design in (a) was issued com- 
mercially by Ross Ltd. (London) from calculations by Hasselkus ** 
as the Xpres in three series—f/4.5, f/3.5 and f/2.7—the last intended 
more particularly for motion picture work and including a smaller angle 
than the others. The construction shown in (0) was introduced by the 
Gundlach Optical Company (Rochester, N. Y.) as the Radiar with an 
aperture of f/4.5. The third design shown was patented by Carl 
ZeiGs. = 

In each case the three glass design was adopted because it allows a 
different selection of glasses and affords greater latitude in balancing 
the opposing powers of component parts of the system to obtain good 
correction. 


81 B.P. 29,637 of 1913. 
82 B.P. 256,586 of 1925. 
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Another method of obtaining greater freedom in meeting the condi- 
tions necessary for good correction at a larger aperture or for an 
increased angular field consists in making both the front and rear 
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elements cemented doublets (Fig. 106). An objective of this design 
has been placed on the market by Dallmeyer Ltd. (London) from 
calculations by Booth ** as the Pentac with a relative aperture of f/2.9. 
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In the Biotessar f/2.7 of Zeiss ** (Fig. 107) the front element is a 
cemented doublet and the rear element, a cemented triplet. 

Another development of the Tessar design in which the front ele- 
ment is divided into two separated lenses 
to attain a relative aperture of f/2.9 is 
shown in Fig. 108.2° Two further de- 
signs based upon the same basic principle 
of subdividing one or more members of 
the Tessar construction have been pat- 
ented by Tronnier for the J. Schneider Bree 110: 
Optische Werke of Kreuznach (Ger- 
many). In one of these ** (Fig. 109) the front converging element is 
divided into two parts, the second consisting of two cemented lenses. 
In the other *? (Fig. 110), the front converging member has likewise 


33 B.P. 151,506. 

34U.S.P. 1,697,670; B.P. 256,586. 
85 Tronnier, U.S.P. 2,105,799. 

36 Tronnier, U.S.P. 2,076,686. 

37 Tronnier, U.S.P. 2,106,077. 
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been divided into two single lenses while the rear member consists of a 
cemented three-glass element followed by a positive meniscus element.** 
Objectives Developed from the Telescope Objective of Gauss.— 
The telescope objective of Gauss, in its simplest form, consists of two 
meniscus lenses separated from each other by an air space and with 
their concave surfaces facing the incident light. The chief advantage 
of this construction is the facility which it affords for securing good 
spherical correction for more than one color. Photographic objectives 
of this type, therefore, can be designed to produce a higher degree of 
sphero-achromatism than is possible with other types. This makes 
the Gaussian design especially favorable for lenses to be used for three- 
color negative making. Apochromatic 
Process lenses of this type have been 
widely employed for many years in three- 
color photo-engraving and other color re- 

production processes. 
The Gaussian design is notable also 
for the excellent correction obtainable 
Bre. 111, over an exceptionally large, flat field at 
large apertures. Coma is usually trouble- 
some in symmetrically designed lenses of this type if used at a large 
aperture; satisfactory correction, however, is possible by departing 

from a strictly symmetrical construction. 

The first photographic objective of this type (Fig. 111) appears to 
have been designed *® by Alvan G. Clark of Cambridgeport, Mass., in 
1889. It was introduced by the Bausch & Lomb Optical Co. of 
Rochester (N. Y.) as a portrait lens, but does not seem to have met 
with much success, as it was soon withdrawn from the market. 

The first anastigmatic objective based upon the principle of the 
Gauss telescopic objective was designed by Paul Rudolph in 1896, and 
introduced commercially by Carl Zeiss of Jena (Germany) as the 
lana Cried 12))i.20 

Rudolph was unable to follow the Gaussian design completely be- 
cause the glasses necessary for a well corrected objective were not 
available at the time. In the Planar, the inner lenses are cemented 
doublets made of glasses having identical refractive index, but dif- 
ferent dispersions. Therefore, the inner cemented lenses act as a 

38 Other modifications of the basic Tessar design somewhat similar have been 
patented by Minor (B.P. 187,082) and E. Leitz & Co., B.P. 381,135. 
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single lens so far as the refraction of any single color is concerned, 
while, owing to the difference in the dispersive values of the two 
glasses, the amount of chromatic aberration may be altered simply by 
changing the curves of the two cemented surfaces which separate the 
two mediums of different dispersion. 

In this way, the chromatic aberration | 
of the two cemented lenses may be 

made to equalize the chromatic aberra- 

tion of the two outer lenses so that satis- | 
factory color correction may be obtained 

at the same time that the astigmatic Fic. 112. 
and spherical errors are corrected. The 

relative aperture of the Planar is f/3.5, but owing to the presence of 
considerable coma, smaller diaphragms are required for critical defi- 
nition. 

Later it was found possible, through choice of suitable glasses and 
lens shapes, to produce a well corrected objective with only two lenses, 
thus retaining the essential form of the Gauss design. The problem 
was solved at very nearly the same time by Kollmorgen who was with 
Hugo Meyer of Goerlitz (Germany) and by Martin who was associated 
with the firm of Emil Busch of Rathenow (Germany). Kollmorgen’s 
method was to make each combination of an anomalous glass pair; 
i.e., the coefficient of refraction of the collecting lens of low dispersion 
must be as high, or higher, than the dispersing, or negative, lens. The 
best known objectives of this type are the Aristostigmat of Hugo 
Meyer,* the Omnar of Busch,*? the Homocentric of Ross Ltd.** the 

Double Orthar of Plaubel and the Process f/10 
of Bausch & Lomb, Rochester, N. Y. 
A modification of this construction (Fig. 
113) has been used for a number of wide 
angle lenses, among them the Cooke Series | 
VIIb f/11 Wide Angle, the Dallmeyer Wide 
Angle f/11 and the Meyer Wide Angle f/9. 
Fre. 113. These lenses cover a field of approximately 90° 
at their maximum aperture. The Metrogon 
(F'g. 114) of Bausch & Lomb has an aperture of f/6.3 and an angle 
of nearly 100°.*4 
eSB P20,349 ote L900: 
#2 Austrian 8364 of 1901. 


43 B.P. 20,349 of 1900. 
ea Sree, 0ol,7 92, 
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In general, the aperture of symmetrically constructed objectives of 
this type does not exceed f/6.3 or at the most f/4.5. In 1920, Lee of 
Taylor, Taylor and Hobson Ltd. (Leicester, England) pioneered in 


Fic. 114. 


the development of large aperture lenses of this construction, and by 
departing from a symmetrical design, obtained an aperture of f/2 for 
a field of approximately 50° (Fig. 115). 
This design was placed upon the market 
as the Cooke Opic *° and has been highly 
successful. Lee later increased the rela- 
tive aperture to f/1.5, without essentially 
changing the design, by reducing the size 
Hie 115: of the field covered to 35°, which is suffi- 
cient for motion picture -work.*® 
A similar design by Merté *7 was introduced by Carl Zeiss of Jena 
(Germany) as the Biotar ** with a relative aperture of f/1.4. 
Other lenses of this type are: 


Biotar, f/1.4 Carl Zeiss—Jena (Germany) 
Ektar, f/1.9, f/2.0. Eastman Kodak Co.—Rochester, N. Y. 
Xenon, f/2.0 Jos. Schneider—Kreuznach (Germany) 


This design, having shown itself to be especially suitable for lenses 
of large aperture, has found considerable favor with calculators in 
recent years. One of the most active has been Lee himself, three of 
whose more recent designs based upon his successful Opic are shown 
in Fig. 116. 

In the design shown in (a), the aperture was increased to f/1.5 by 
making the inner dispersive components cemented triplets.*8 The aper- 
ture was increased to f/1.4 for an angle of 40° by dividing the rear 


45 B.P. 157,040 of 1921. 

46 BP. 3/7,037-0t- 193250), 5 bacaizecr Ol LooG: 
47U.S.P. 1,786,916 of 1930. 

48 BP. 298,769 of 1927. 
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collective lens of the earlier Opic into two simple lenses as in (b).*° 
The construction shown in (c) is similar to the others, but employs 
an aspheric surface to obtain an aperture of f/1.1.°° A further de- 
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Pe ale) Lee: f/1.4 
. 298,769 (1927) U.S.P. 2,619,895 
(a) (d) 
—_ 
Lee: f/1.1 
U.S.P. 2,100,290 (1937) 
(c) 


Fie. 116. Three Large Aperture Objectives Developed by Lee. 


velopment also with aspheric surfaces has a relative aperture of f/1.°1 
These designs, of course, are intended primarily for motion picture and 


miniature cameras. 
In Fig. 117 is shown a design by Paul Rudolph in which the inner 
dispersing elements are convex rather than concave to the diaphragm, 


Excamlly/s Eres? 


as has been the case with the designs previously mentioned. This 
construction has been issued commercially by Hugo Meyer of Goerlitz 
49 B.P, 373,950 of 1932 and U.S.P. 2,619,895 of 1935. 


50 U.S.P. 2,100,290 of 1937. 
51U.S.P. 2,100,291 of 1937. 
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(Germany) as the Kino-Plasmat and covers an angle of approximately 
30° at f/2.°2 A further development of this construction (Fig. 118) 
patented by Rudolph * is for an aperture of f/1. 

A modification of the Gaussian design (Fig. 119) in which the front 
converging element consists of two cemented lenses and one of the 
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centrally placed diverging elements is a deeply curved single lens has 
been patented ** by E. Leitz of Wetzlar (Germany). 

A development of the Gauss lens designed by Lee of Taylor, Taylor 
and Hobson for use in aerial surveying is shown in Fig. 120.°° This 
includes an angle of approximately 70°—-an objective of 5 inches focal 
length covers sharply a 7 x 7 inch picture—at a relative aperture of 
f/4.5. Of the four separated components, only one (the second) is 
dispersive, the rear component being either collective or, in some cases, 
of zero power. In the usual lens of this type, the order is alternatively 
collective and dispersive, dispersive and collective. The change results 
in a larger flat field and improved general correction.®° 

Unofocal.—In 1901, Steinheil introduced as the Unofocal an 
anastigmatically corrected objective (Fig. 121) in which all four lenses 

are made of glass of practically the same re- 

fractive index. Achromatism is secured by a 

suitable adjustment of the separation between 

the elements and, while there is neither an ab- 

normal nor normal glass pair, the conditions 

\ necessary for spherical and astigmatic correction 

Fic. 121. are satisfied. Spherical correction is obtained 

by two refractions in the same direction, and 

astigmatic correction by the two glass-to-air surfaces, which consti- 

tute convex and concave surfaces facing a medium of higher refrac- 
tive index. 

°2U.S.P. 1,565,205 of 1925. 

DUS Pal S33,596101 LOS 


54 B.P. 480,643 of 1938. 
5° B.P. 407,156 of 1934. 
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The Unofocal is made by Steinheil in several series, the most rapid 
with a relative aperture of f/4.5. Among other lenses based upon the 
same construction are the Gundlach Anastigmat f/6.3, the Kodak 
Anastigmat f/7.7 and the Graf Super Anastigmat. Some of these are 
symmetrical. 

Two other unsymmetrical objectives based upon the same principle 
may be mentioned, the /sostigmar and Neostigmar of Beck (London). 
These, however, are no longer made. 

Teleobjectives.—There are two kinds of teleobjectives, one com- 
posed of a positive combination, constituting a separately corrected 
objective, and a negative combination corrected for spherical and 
chromatic aberration (compound teleobjective), and the other a posi- 
tive and negative combination which are not individually corrected, the 
aberrations of the positive component being brought to a minimum by 
making those of the negative component of the opposite character 
and as nearly equal as possible (fixed magnification teleobjective). 


Fic. 122. Compound Teleobjective as Introduced by Dallmeyer Employing a 


Petzval-type Portrait Lens as the Front Positive Element and a Compound 
Diverging Element in the Rear. 


It is difficult to obtain a large working aperture with the compound 
teleobjective so, despite the advantage of variable magnification, this 
type of objective has practically disappeared from the market. Most 
manufacturers, however, will construct telephoto attachments to order 
for such of their objectives as may be suitable. The fixed magnification 
teleobjective has the advantage of producing, with approximately the 
same camera extension, an image from two to three times as large as 
the usual camera lens (the magnification varies in different lenses) and 
its large relative aperture (f/5.5 or larger) enables it to be used for 
rapidly moving objects, sporting events, etc. 

The first of the modern fixed magnification teleobjectives was cal- 
culated by Martin and introduced by Emil Busch of Rathenow 


Beck—A New Principle in Photographic Lens Construction. Phot. J. 44 


(1904) 172. 
Lre—Principles and Construction of the Telephotographic Lens. Phot. ). 


65 (1925) 392. 
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(Germany) in 1905 as the Bis-Telar.°° This teleobjective had a rela- 

tive aperture of f/9 and a magnification of 1.65. Teleobjectives of 

similar design but with greatly improved correction and larger relative 

apertures have been introduced in recent 

years. Prominent among these are the 

Large Adon and Dallon of Dallmeyer (Lon- 

don), the Telic of Taylor, Taylor and Hob- 

| son, Leicester (England), and the Radiar of 

Gundlach (Fairport, N. Y.). The first 

2 opr mentioned, calculated by Lan-Davis,** has a 
fication Teleobjective. The : 2 : 

Bis-Telar of Busch and the ‘elative aperture of f/4.5 while the second, 

Large-Adon of Dallmeyer. calculated by Booth,’ is made in several 

series °$ with relative apertures ranging from 

f/5.6 to f/8. The magnification in all cases is approximately two 

times. The Cooke Telic, calculated by Lee, has a relative aperture of 

f/5.5 and a magnification of two times.°® 


rs 


Fic. 124. The Telic (2 X) of Taylor, Fic. 125. The Tele-Tessar of 
Taylor & Hobson. Carl Zeiss. 


Fic. 123. Fixed Magni- 


The Tele-Tessar of Zeiss © and the Telegor of Goerz differ from the 
teleobjectives described in the form given the rear component which 
consists of a pair of cemented meniscus lenses, the positive member 
being placed nearest the diaphragm and not on the outside. These 
objectives have a relative aperture of f/5.5 and a magnification of two 
times. 

The Teleros of Ross Limited (London) is made in two series: one 
having a relative aperture of f/5.5 and a magnification of two times, the 
other a relative aperture of f/6.3 and a magnification of three times. 
In both cases, the rear component is a cemented triplet (Fig. 126). 
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A similar objective in which the rear component is a cemented triplet, 
is made by Taylor, Taylor and Hobson of Leicester (England). This 
was calculated by Lee ®* and has an aperture of f/5.5 and a magnifica- 


Fic. 126. The Teleros of Ross Limited. 


tion of three times. The distortion of ordinary telephoto systems 
was eliminated by Lee (Fig. 128) in a design patented by Taylor, 
Taylor and Hobson.°* 


- ff B- 


Fic. 127. Cooke Telic (3 X). Fic. 128. Non-Distorting Fixed 
Magnification Teleobjective Patented 
by Lee. 


Types of Lenses Used for Portrait Work.—Four types of lenses 
are in general use for portrait work: 


1. Lenses of the Petzval construction. 

2. The anastigmat. 

3. The diffused-focus lens. 

4. Non-anastigmatic triplet constructions. 


The portrait lens.of Petzval and its modifications, owing to its curved 
field, is used today chiefly for head and shoulder portraits. For this 
purpose it is, however, favored by many portrait workers because of 
the plastic quality of the image. 


SP Balen 32,007. 
62 B.P. 222,709,1924. 
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Anastigmats working at a relative aperture of f/4.5, or larger, are 
used quite extensively for portrait work particularly for groups and 
for full and three-quarter figures. The critical definition of lenses of 
this type is not required in portrait work and in head and shoulder 
portraits especially may be objectionable since most sitters, unlike 
Cromwell, do not want every wart and pimple to show. A number of 
manufacturers therefore provide lenses of the focal lengths commonly 
employed for portrait work with a means of softening the definition by 
introducing a certain amount of spherical aberration through alteration 
of the position of one of the elements of the lens. The biting definition 
of lenses not provided with such an adjustment may be softened by 
using diffusion disks over the lens or by covering it with one or more 
thicknesses of black chiffon. Cutting a small opening in the cloth will 
make the definition somewhat sharper than when the entire lens is 
covered. 

The diffused-focus lens is preferred by many portrait photographers 
because it subdues detail, accentuates the feeling of atmosphere about 
the subject, and the negatives require less retouching. The degree of 
diffusion is usually controlled by the size of the diaphragm. Diffused- 
focus lenses require more than ordinary care in focusing and in the 
lighting of the subject if objectional halos are to be avoided. 

For head and shoulder portraits particularly, a lens of relatively 
long focal length is desirable. A good rule- to follow is this: Use a 
lens whose equivalent focal length is at least twice as great as the 
diagonal of the photograph. For full-length figures and groups, a 
lens of shorter focal length may be used as the subject-to-camera dis- 
tance is greater. A lens having a focal length from 50 to 60% greater 
than the diagonal of the photograph may be regarded as the minimum. 

An important factor in the choice of the focal length of the lens is 
the size of the studio. To determine the length of the studio required 
for a lens of any given focal length, regard the average head as being 
9 inches in height and the standing figure as 8 feet. Calculate the 
degree of reduction for the size of image desired and multiply the 
degree of reduction by the focal length of the lens and add one focal 
length. The result is the lens to subject distance. It is usual to add 
5 feet to this distance to allow for the camera and background. For 
example, if the focal length of the lens is 20 inches and it is desired to 
make a head 2 inches high, the degree of reduction is 1/4.5 and the 
lens subject distance is 110 inches (4.5 times 20 plus 20 equal 110). 
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Adding to this 60 inches (5 feet) we have a total of 170 inches or 14 
feet 2 inches which is the working space necessary. 

Wide Angle Lenses.—A number of anastigmat lenses of sym- 
metrical construction, particularly those of the cemented type, when 
stopped down will cover a larger plate than that for which they are 
intended and,so may be used as a wide angle lens where neither speed 
nor an extremely wide angle is required. Some medium speed lenses of 
unsymmetrical construction will also cover a larger plate when stopped 
down, but, generally speaking, the increase in the size of the field upon 
stopping down is much less than with lenses of symmetrical construc- 
tion, so that, with a very few exceptions, lenses of this type will not 
serve as wide angle lenses when stopped down. 

Wide angle lenses, properly speaking, may be divided broadly into 
two types, namely medium and extreme wide angle. Lenses of the 
first class are usually designed to work at a larger aperture and are, 
for the most part, based upon the Gaussian construction. (See Page 
113.) This construction is especially favorable towards a large field 
at a relatively large aperture. Lenses of this type may have an aperture 
as large as f/9.5, and cover an angle of 90 degrees. 

Most extreme wide-angle anastigmatic lenses are unsymmetrical con- 
structions consisting of two cemented lenses on either side of the 
diaphragm (Fig. 129). This type 
of lens can be made to cover 
sharply a very wide angle but can- 
not be made to work at a large 
aperture, its usual working aper- 
ture being from f/16 to f/18. As 2% 
there are no air spaces, and only 
four reflecting surfaces, it is largely 
free from internal reflections and is 
well adapted for use with subjects 
containing naked lights, such as Fic. 129. 
street lights, electric signs, chande- 
liers, etc. The Zeiss Protar Series V, f/18, the Bausch & Lomb Ex- 
treme Wide Angle Protar and many others are of this type. 

Three special purpose wide angle lenses are shown in Fig. 130. The 
objective shown in (a), consisting of two thin hemispherical lenses, was 
designed by Emil von Hoegh and introduced by Goerz.of Berlin as the 
Hypergon. It covers an angle of approximately 135° but as it is not 
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corrected for either chromatic or spherical aberration, the relative 
aperture is only f/40. 

The objective shown in (b) was devised by Robert Hill ® for photo- 
graphing the entire sky at one exposure, and includes an angle of 180°. 
It consists of a large front lens which contracts the incident angle of 
the light from the sky to about 90° before it reaches the photographic 
lens placed on the opposite side of the diaphragm. Good definition is 
obtained at a relative aperture of f/22, but as the chromatic correction 
is not complete for the whole field, a color filter is advisable. 


>>. 


(a) 


(0) (c) 
Fic. 130. Extreme Wide-Angle Lenses. 


In (c) is shown a similar design by Merté of Carl Zeiss with greatly 
improved corrections and a relative aperture of f/8.% 

Lenses for Aerial Photography.—Lenses designed for aerial 
photography must have critical definition over a large flat field, must be 
free from distortion, the illumination of the image must be as nearly 
uniform, and the relative aperture as large as possible. A relatively 
wide angle is desirable, if obtainable without the sacrifice of the fore- 
going essentials. Objectives specially designed and constructed for 
aerial photography are employed for all mapping and survey work in 
which the utmost precision is necessary. 


63 B.P. 225,398 of 1923. 
64U.S.P. 2,126,126 of 1938. 
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The Aviation lens of the Eastman Kodak Company is of the Tessar 
type, also the Aero-Tessar of Bausch and Lomb, but in this the rear 
element consists of three cemented lenses as in the Gundlach Radiar 
(Page 110). The Aero-Xenar f/4.5 of Joseph Schneider is similar to 
the Pentac of Dallmeyer (Page 111). The Aviar lens of Taylor, Taylor 
and Hobson, the Wide Angle Xpres of Ross Ltd. and the Orthometar 
of Zeiss have been noticed on Pages 100 and 106, respectively. 

Lenses for Reproduction Processes.—The objective used for 
copying and process work should give critical definition and even 
illumination over the entire film, should be free from distortion and, 
for color reproductions, apochromatic, i.e., chromatically corrected for 
three colors instead of two. These conditions can be satisfactorily 
met in the present state of photographic optics only through the 
use of objectives having a relatively long focal length in relation to 
the size of film or plate which they are desigiied to cover and a com- 
paratively small aperture, f/10 or smaller. 

Lenses of this type are designed for use at or near unit magnifica- 
tion, and differ in this respect from other photographic objectives which 
are designed for use with objects at a greater distance from the lens. 

Various designs are used for process lenses. The Gaussian design 
is one of the most widely employed because of the liberty it affords 
the designer in securing like spherical correction for different colors. 
The Process f/10 of Bausch and Lomb, the Gotar and Artar of the 
Goerz American Optical Company, the Kodak Process f/8, the Homo- 
centric Process of Ross Ltd. and the Apo-Planar of Carl Zeiss are of 
this type. The Apo-Tessar f/9 of Zeiss is, as its name indicates, of 
the Tessar type. The Orthostigmat Process f/9 of Steinheil is similar 
to the other orthostigmats of this firm (Page 96). 

Process lenses are favored in certain quarters for commercial photog- 
raphy in the studio where still-life subjects demanding critical defini- 
tion are involved as well as for three-color photography. 


CHAPTERGLY: 
CAMERAS AND ACCESSORIES 


Elements of the Camera.—The essentials of a camera are four 
in number: (1) a light-tight enclosure; (2) a means of forming an 
image either by means of a pinhole or a lens; (3) a holder for the 
sensitive material and (4) a means of controlling the time during 
which light is allowed to reach the film or plate (shutter). 

The simplest box camera, in addition to these essentials, is provided 
with a finder to show what will be included in the picture, a diaphragm 
to regulate the amount of light entering the the lens, and a means of 
changing the film or plate between exposures. Other types of cameras 
may have a collapsible bellows, or a metal tube operated either by a 
sliding or helical motion, and a focusing scale or screen in order that 
the position of the lens may be altered so as to secure a sharp image of 
objects at different distances from the camera. It may have in addi- 
tion a range finder to measure the distance of the object, negative 
carriers for different types of sensitive material, a level, depth of focus 
scale, built-in exposure meter, and various movements to the front and 
back which alter the position of the lens or the sensitive material in 
relation to one another. 

The Pinhole Camera.—While sharp pictures cannot be made 
with a pinhole, the image has a pleasing softness which is appropriate 
for many subjects. In addition, the image formed by a pinhole is 
always in focus, thus there is no depth of field problem. Further- 
more, a single pinhole is equivalent to a battery of lenses, as any de- 
sired focal length is obtained by simply placing the pinhole at the 
corresponding distance from the film. 

A simple box camera using a pinhole is shown in Fig. 131.1 It is 
designed for use with 314 x 414 sheet film and is made of cardboard, 
the edges being sealed with gummed tape. A small opening is cut in 
the front and over this is placed a piece of black opaque paper. The 
pinhole is made in this paper using a No. 10 needle, care being taken to 
obtain a clean-cut, circular opening. A cardboard flap held in place 


1 For full constructional details see Neblette, Brehm and Priest, Elementary 
Photography, Macmillan (New York, 1941). 
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BOX CAMERA 


by a metal staple serves as a shutter. 


oe nV 5) 


An inner retaining ring, formed 


of cardboard strips glued to the sides of the camera, holds the sheet 


of film in place against the back 
of the camera. The lines seen on 
the side and top serve as a finder 
—sighting along these lines indi- 
cates what will be included in the 
picture. The camera must be 
loaded in a darkroom and but one 
picture may be made at a time. 
Exposures vary from a few sec- 
onds to a minute using a medium 
speed film. Naturally, the camera 
must be placed on a tripod or 
other firm support for the expo- 
sure. A picture made with this 
camera is shown in Fig. 132. 
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Fic. 131. Simple Pinhole Box Camera. 


Box Camera.—The inexpensive box camera is used chiefly by 
beginners or by those who are interested in photography only to the 
extent of making record pictures with the least expenditure of thought 


Fic. 132. Picture Made with the Camera Shown in Fig. 131. 


and energy. The box camera of today is usually designed for roll 
film as film pack and plate models have practically disappeared in this 
country. American cameras of this type are usually fitted with single 
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Fic. 133. Typical Box Camera. (Eastman Kodak Company.) 


lenses having a maximum relative aperture of about f/14 and a simple 
spring-actuated shutter with one instantaneous speed of about 1/25 


Fic, 134. Box Camera 
with Synchronizer for 
Flash Lamps. (Eastman 
Kodak Company.) 


second in addition to time and bulb. Even 
these last are omitted on some cameras. Or- 
dinarily no provision is made for focusing, the 
position of the lens being fixed so that ob- 
jects more than 6 to 10 feet, depending on 
the size of the camera, will be sharp. In re- 
cent years, however, cameras with two lenses, 
one removable, have been introduced. Both 
lenses together are used for nearby objects 
and the rear lens alone for distant subjects. 
In a more expensive form of the box cam- 
era, the lens mount revolves, thus changing 
the separation of the two elements and pro- 
viding for focusing for three marked posi- 
tions, near, medium, distant. 

Both framing and reflecting finders (see 
Page 154) are found on box cameras. A 
recent trend has been the introduction of 
models with reflecting finders of approxi- 
mately the same size as the picture. Another 
recent development has been the introduction 


of models with a built-in flash lamp reflector and synchronizer, thus 
making snapshots possible in dull light outdoors or indoors or at night, 
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thus vastly extending the scope of relatively inexpensive cameras of 
this type (Fig. 134). 


Roll Film Cameras.—The folding hand camera, making pic- 
tures from 1 X 114 to 244 x 414 inches, is one of the most popular 


(0) 


Fic. 135. (a) A Typical Folding Roll Film Camera (Kodak Monitor), and 
(b) Roll Film Camera with Coupled Range Finder (Kodak Medalist). 


types among amateurs and, accordingly, has received particular atten- 
tion from the manufacturers who have made available many models 
ranging from the inexpensive camera with single lenses and simple 
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shutters to those with anastigmat lenses of large aperture and between- 
the-lens shutters of high precision. In recent years, designs with a 
self-erecting front (Fig. 135) have largely superseded the older designs 
in which the front had to be pulled out by hand. The manufacturers 
have displayed considerable ingenuity in the designing of a self-erecting 
front, the principal concern being to produce a smooth functioning 
movement with’a high degree of rigidity when the bellows is fully 
extended and the front is in position for an exposure. No provision 
is made for focusing on some of the less expensive models; on focusing 
models, focusing is accomplished either by partially unscrewing the 
front element of the lens or by moving the lens and shutter forward 
or backward on a short track or by means of a helical mount forming 
a part of the camera front. Metal frame or reflecting finders are 
usually fitted to the lower-price models ; optical-type finders to the more 
expensive (see Page 154). Range finders are also available on cameras 
of this type and the number with coupled range finders is. growing. 

In cameras fitted with reflecting finders, the diaphragm, focusing and 
shutter speed scales are sometimes placed on the top of the shutter, 
so that they will be visible with camera held in the hand at waist-level 
for the exposure. 

In most cases, the film is positioned for successive exposures by 
means of numbers printed on the protecting paper which are viewed 
through a window in the rear of the camera. Recently, however, 
several models have been introduced in which the film-transport 
mechanism positions the film for successive exposures automatically 
without the necessity of referring to the numbers on the film roll. 
Usually, in such cases, the film positioning mechanism is connected 
mechanically to the shutter so as to prevent a second exposure until 
an unexposed section of the film is in position, thus preventing double 
exposures. 

Hand Cameras Using Cut Film, Plates or Film Packs.—Hand 
cameras of this type appeal chiefly to the serious amateur as they are 
more suitable for difficult work than the more convenient roll film 
cameras. The ability to focus on the ground glass is of great im- 
portance in many phases of photography; furthermore, the possibility 
of using one of the many varieties of cut film, plates, or film pack 
appeals to the advanced amateur, since it enables him to select the 
sensitive material best suited to each particular subject. Usually, 
cameras of this type are fitted with a double extension bellows which 
enables them to be used for copying and in photographing small 
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objects. A rising and also a sliding front movement are usually pro- 
vided as well as a wire frame or ‘direct vision finder. 

In the smaller, more compact cameras of this type, the focusing 
screen forms a panel which is interchangeable with the cut film holder 
or film pack adapter. Invariably, single metal holders are employed. 
A pressure plate behind the hinged metal frame enables either cut film 
or glass plates to be used interchangeably in the same holder. 


vic. 136. Cut Film, Film Pack and Plate Camera with Ground Glass Focussing 
Back. (Recomar, Eastman Kodak Co.) 


Film and plate cameras of the type shown in Fig. 136 are now almost 
exclusively of European origin, a8 American manufacturers have shown 
little interest in such models in recent years. 

Several manufacturers have introduced cameras of this type, gener- 
ally in sizes from 9 X 12 to 10 & 15 cm., which although adapted to 
use in the hand, are designed primarily for use on a tripod and are 
equipped with all of the movements common to the professional camera, 
including: reversing and swing back, front and side swing, wide angle 
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beds, ete. Such cameras are well suited to the requirements of the 
serious worker who prefers a smaller size, or greater compactness, than 
is provided by the professional view or commercial camera. 

The Miniature Camera.—The last few years: have witnessed a 
truly remarkable development of the small or miniature camera. The 
term miniature is loosely employed in present-day photographic litera- 
ture, but for the purposes of this discussion, it will be assumed to mean 
a camera making pictures 444 X 6 cm. (154 2% inches) or smaller. 

The miniature camera owes its widespread popularity to the fact that 
(1) it is light and compact, easily carried and convenient in use, (2) 
the picture size being small and the focal length of the lens short, the 
depth of field is such that lenses of much larger relative aperture may 
be used than are feasible on larger cameras. Thus, lenses with a rela- 
tive aperture of f/2 or larger are fairly common on miniature cameras, 
whereas lenses with a relative aperture greater than f/3.5 are seldom 
useful on the larger cameras, owing to the limited depth of field. The 
large aperture lens enables pictures to be made in the home with ordinary 


Fic, 137. Typical Precision Miniature Camera. (The Kodak Ektra.) 


lighting, street scenes at night, sporting events indoors, theatre pho- 
tography by stage lighting and many other phases of photography which 
would be exceedingly difficult if not impossible with other types of appa- 
ratus. Being small and unobtrusive, the miniature camera is well suited 
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to making pictures without attracting the attention of the subject: the 
so-called “candid photography.” 

Another very important factor in the popularity of the miniature 
camera is the vast amount of ingenuity which has been shown by the 
manufacturers in the design of instruments of this type and the skilled 
workmanship displayed in the better examples. The modern miniature 
camera is a precision instrument which despite its size is capable of 
producing results in most cases equal to and under many conditions 
superior to those of larger cameras. 

Both scale focusing, twin-lens and reflex cameras are found in this 
class, but the first-mentioned comprise by far the larger number. nese \ 
may be divided into two classes: (1) those with a collapsible bellows, 
and (2) those in which the necessary extension is secured by a metal 
tube with a sliding or helical-screw motion. A typical miniature camera 
is shown in Fig. 137. 

Among the prominent features of cameras of this type are: 


1. Ready interchangeability of lenses. Miniature cameras employing 
focal plane shutters are usually designed to permit the use of a number 
of lenses, thus enabling wide angle, high speed or telephoto lenses to 
be used as the occasion demands. 

2. Coupled range finder and focusing. This enables the distance of 
the subject to be determined accurately and the lens adjusted for this 
distance in one operation. 

3. Direct optical view finder. This frequently is designed to pro- 
duce an enlarged image, and where the camera is designed for use with 
different lenses, either the area included is indicated in the field or the 
finder is designed to be adjustable both with respect to the size of the 
image and the angle included so as to correspond with the different 
lenses for which the camera is designed. 

4. Focal plane or high speed between-the-lens shutters. With the 
former, most cameras have an interlocking device which results in a new 
section of film being wound into place when the shutter is being set. 
This automatically prevents double exposure since the exposure cannot 
be made until an unexposed section of film is in place. The focal plane 
shutters are designed to work very close to the sensitive material and 
consequently possess a very high efficiency. The maximum speed varies 
between 1/500 and 1/1000 of a second. On cameras using between- 
the-lens shutters, the Compur shutter is almost universal. The maxi- 
mum speed of the extra-rapid Compur shutter used on many miniature 
cameras is 1/500 second. 
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5. Film transport. In most cases, the film spools are carried in 
light-tight metal magazines; the film being wound from the magazine 
for the exposure and wound back into the magazine when exposed. 
The magazine is placed in and removed from the camera in daylight. 
Daylight-loading roll film, with the conventional paper packing, is used 
only in those cameras making pictures 414 6 cm. (15% X 2% inches) 
or half this size, namely 3 & 4 or 4X 4cm. In cameras using a per- 
forated 35 mm. film, the winding key operates a sprocket which engages 
the perforations along the side of the film. An automatic stop locks 
the winding key when the amount of film required for the next picture 
is in place, thus preventing overlapping exposures. 

6. Attachments for specialized work. One of the very important 
reasons for the present popularity of the miniature camera is due to 
the attention which the manufacturers of some of the more popular 
models have given to the designing of attachments for specialized work. 
In some cases, there are several hundred such attachments designed for 
such diverse fields as copying, photomicrography, stereoscopy, and mac- 
rophotography, aside from special features such as an automatic film re- 
wind for making a number of exposures in rapid succession, synchro- 
nizing photoflash bulbs, self-timers, devices for panoramic photography 
as well as a full line of equipment for processing miniature camera 
negatives and printing both by contact and projection. These have 
made some models of the miniature camera more nearly a universal 
camera than any other now available. 


The Reflex Camera.—The reflex camera is so called from its 
construction (Fig. 138). A mirror placed at an angle between the lens 
and the sensitive film reflects the image to a focusing screen at the top 
of the camera where it is seen right side up and in full size up to the 
moment of exposure. When the exposure lever is depressed, the 
mirror swings up out of the way and covers the focusing screen. Upon 
reaching this position, it releases the focal plane shutter exposing the 
film or plate. The exposure is governed by the width of the aperture 
and the rate at which it moves across the surface of the sensitive mate- 
rial. In some reflex cameras, the mirror returns automatically to its 
original position as soon as the exposure lever is released; in others, 
an interlocking device makes it necessary to return the mirror to its 
original position in front of the film before the shutter can be rewound 
for a second exposure, This prevents accidental exposure. 
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Reflex cameras are available in a wide variety of models. The 
smaller are usually designed for use with roll film; however, in the 
larger sizes it is usually possible to use cut film or plates, either in 


Fic. 138. Principle of the Reflex Camera. 


holders or a changing box (magazine), film packs in an adapter; or 
roll film in a detachable roll film holder. 

The reflex camera is favored by those who wish to be able to see 
the image on the focusing screen so as to study the arrangement of the 
subject to better advantage, but-object to the inconvenience of the 
stand camera. Also it is one of the best types of cameras for photo- 
graphing rapidly moving objects since the focusing arrangements en- 
able the moving object to be kept properly placed in the picture and in 
sharp focus while the focal plane shutter makes possible the rapid 
shutter speeds required to stop motion. 

The Twin Lens Camera.—This type of camera (Fig. 139) con- 
sists essentially of two cameras with matched lenses, one of which is 
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used for focusing and arranging the subject and the other for making 
the picture. Cameras of this type are made in sizes 2/4 X 214 and 
smaller; above this size the camera becomes rather bulky. The twin 
lens camera allows the image to be followed on the focusing screen to 
and during the exposure. There is no 
delay in exposure, as in the reflex, 
where time must be allowed for the 
swinging mirror. On the other hand, 
the images on the focusing screen and 
the film do not coincide exactly because 
of the separation of the two lenses. 
This is known as the parallax error 
and is unimportant in practice except in 
nearby subjects. Certain cameras of this 
type are fitted with devices which com- 
pensate for the parallax differences by 
masking the finder image. 

The twin lens camera does not offer the 
same facility as regards interchange- 
ability of lenses as other cameras, since 
in this case, it is obvious that not one 
but two lenses are required. In its 
modern form, however, it is deservedly 
popular on account of its simplicity, the 

Fic. 139... Twintlens Camera meability to (focus sthe image “as in’ the 

(Rolleiflex). reflex camera, and its ruggedness and 
general dependability. 

Professional Cameras.—The so-called view camera (Fig. 140) is 
intended primarily for general exterior and interior photography. It is 
designed for use with cut films or plates and is made as light and port- 
able as is consistent with strength and rigidity. Usually it has a long 
bellows extension, may be focused from either the front or the rear, 
and the movements include a rising front, side and vertical swings to 
the back, and reversing back. It must be used on a tripod as it does 
not have either a finder or a focusing scale. 

The commercial or technical camera (Fig. 141) has a much wider 
range of movements so as to meet the most exacting demands of tech- 
nical photography. The vertical and horizontal swings have a much 
wider range than in the view camera and the front likewise is fitted with 
similar swings thus simplifying the photographing of tall buildings, 
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cramped interiors, and commercial or industrial products requiring 
unusual perspective. 

The commercial studio camera (Fig. 142) is similar except that it is 
heavier and more substantially constructed, since weight is not as im- 


Fic. 140. All-Metal View Camera. (Eastman.) 


portant as in a camera intended for use outside the studio. A rigid 
stand enables the camera to be raised to a height of from eight to nine 
feet from the floor and inclined to any desired angle. 

Cameras designed for professional studio portraiture (Fig. 143) have 
a long bellows and are substantially built, particularly in the front, so as 
to accommodate the long-focus, large aperture lenses desired in portrait 
work. Cameras of this type are focused from the rear, and the back 
is provided with vertical and horizontal movements. A sliding carriage 
enables two pictures to be made on one film or plate. In some cases, 
this sliding carriage is so designed that the loaded film or plate holder 
may be placed in one side and the slide withdrawn before the image is 
focused. Then when the subject is arranged and the image focused, 
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the shutter is closed and the carriage shifted to place the film or plate 
in position for the exposure. This greatly reduces the time elapsing 
between focusing and the exposure and is of real assistance in securing 
more lifelike portraits. 


(a) (b) 


lic. 141. Typical Cameras for Commercial Photography: (a) Century 
Universal, (b) Graphic View. 


An integral part of the outfit for studio portraiture is a strongly 
constructed stand which enables the camera to be raised from a position 
a few inches above the floor to an elevation of about five feet and pro- 
vides means for inclining the camera at an angle. 

Press Cameras.—Cameras of nearly all types are used as occa- 
sion demands for press photography, but the camera usually associated 
with press photography is a rigidly constructed hand camera using cut 
film, plates, or film pack, and fitted with a focal plane as well as a 
between-the-lens shutter. Focusing is usually by a scale except when 
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conditions permit the use of the ground glass focusing panel at the rear 
of the camera. Cameras in which a range-finder is coupled to the lens 
so that the latter is automatically focused when measuring the distance 


Fic. 142. Tevapiic al 
Commercial Studio Cam- 
eras and Stands: (a) J. 
G. Saltzman & Co., (b) 
L. F. Deardorff & Co. 


(a) 


of the subject are a recent introduction. A wire frame or a direct 
vision optical finder enables moving objects to be located readily with 
the camera held at eye level. A synchronizing device for simultaneous 
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operation of the camera shutter and a photoflash lamp is usually fitted 
and in some models is incorporated in the camera itself. 


Fic. 143. Century Studio Camera for Professional Portrait Photography. 
(Folmer Graflex Corporation.) 


Special Purpose Cameras.—Fig. 145 shows a camera used for 
photographing finger prints, signatures, meter dials and the like. In 
use, the open end of the camera is placed against the surface of the 
object to be photographed and the exposure made by means of the light 
supplied by small electric lamps, concealed within the hood, utilizing 
the current from dry cells contained within the camera. There is no 
provision for focusing, as the camera is designed to work at a scale of 
1:1 (ie. the image is the same size as the object photographed). 
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A camera outfit designed especially for making identification pictures 
is shown in Fig. 146. Cameras of this type are designed to be as nearly 
automatic and as economical in operation as possible. Motion picture 


Fic. 144. Speed Graphic Camera for Press Photography. (Folmer Graflex 
Corporation.) 


film is employed as a negative material in many cases, and frequently 
no negative is made, the exposure being made on direct positive paper 
(in rolls) which is reversed in proc- 
essing to form the completed posi- 
tive. Since it is important that 
pictures made for identification 
purposes should not be transposed 
from left to right, a reversing 
prism is used when the photograph 
is made directly on positive paper. 
A camera designed especially for 
making copies of books, magazines, 
and other printed matter on film Rigeets) oRincerprint. Camera, 
for filing purposes is shown in Fig. (Folmer Graflex Corporation.) 
147. Micro filming of printed ma- 
terial has grown to considerable importance and there are a number of 
cameras available together with specially designed enlarging equipment 
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for reading the copied material. In most cases, the cameras are designed 
to use 35 mm. motion picture film; in others, 16 mm. film is used as in 
the Recordak which is extensively used by banks to photograph the 
checks passing through their hands. 


lic. 146. Photographic Equipment for Making Identification Photographs. 
(Folmer Graflex Corporation. ) 


Cameras designed for photoengraving, lithography and other forms 
of photomechanical reproduction are of two types, one in which the 
camera back is built into and forms a part of the wall of the processing 
darkroom, and the other (Fig. 148) in which the sensitive material is 
placed in a holder which in turn is placed in the camera in daylight 
as in ordinary photographic practice. 

In either case, the camera is large and substantially built on a bed 
which also supports the easel and is provided with shock absorbers to 
take up any outside vibration which would affect the sharpness of the 
image. Arc lamps are usually employed for illuminating the copy, 
although the use of water-cooled mercury-arc lamps is increasing. 
The lever shown on the side is for adjusting the distance between the 
half-tone screen and the sensitive plate. The chains and gears shown 
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on the bed are to enable the operator to change the position of the 
easel so as to place the copy properly on the sensitive material, to 
change the size of the image or to focus it sharply without leaving his 
position at the focusing screen. 


os 


Kic. 147. Camera for Photographing Books, Newspapers and Other Printed 
Matter on 35 mm. Film. (Folmer Graflex Corporation.) 


The term panoramic is applied to revolving cameras designed to make 
long narrow or panoramic pictures of groups, landscapes and other 
exterior subjects. Only one camera of this type—the Cirkut ?—is now 
on the American market. This camera (Fig. 149) is mounted on a 
special tripod and a spring driven mechanism revolves the camera during 
the exposure so that the lens traverses the greater part of a circle. The 
movement of the image, caused by the moving lens, is overcome by 


2 Folmer Graflex Corp., Rochester, N. Y. 
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Fic. 148. Camera Used in Photo-Mechanical Reproduction Process Work. 
(Robertson & Co.) 


Fic. 149, Panoramic Camera (Cirkut). (Folmer Graflex Corporation.) 
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moving the film at the same rate by the same driving mechanism, so 
that a sharp image will be obtained despite the movement of the lens 
during the exposure. 


a 
| 
| 


Fic. 150. Camera for Copying Printed Matter Direct on Sensitized Paper 
(Photostat). (Photostat Corporation.) 


In Fig. 150 is shown a camera designed for photographing docu- 
ments, charts, maps and similar material directly on photosensitive 
paper. 

The Photostat* and the Rectigraph* are the best known of such 
cameras on the American market. A prism is used before the lens to 
reverse the image so the negative copy on the paper will read cor- 
rectly from left to right. Such photocopies, widely known as “ photo- 
stats,’ are exact, require no proof-reading and are acceptable as legal 
evidence in courts. These machines are designed for operation in 
daylight and require no darkroom. The special photocopying papers 
used are supplied in rolls and the exposures are developed, washed and 
dried as a continuous process in some models. 

While stereo-photographs may be made with an ordinary camera. by 
making in succession two pictures separated by a distance equal to that 
between the eyes (approximately 63 to 69 mm. (2% inches)), or by 
means of a stereoscopic attachment (Page 166), the first of these meth- 
ods is suitable only for still life. There has been little interest in 


3 Photostat Corp., Rochester, N. Y. 
4Rectigraphic Division, The Haloid Co., Rochester, N. Y. 
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stereoscopic photography in recent years and all such cameras are now 
imported, the usual sizes being 45 & 107 mm. (1% X 4% inches) and 
60 X 130 mm. (2% X 5% inches). The cameras available are of the 
box type fitted with two matched (identical) lenses and shutters, the 
lattér being interconnected so that both exposures are made at the same 
time. 

The lenses are either mounted solidly on the camera front (fixed 
focus) or side by side on a movable lens front which enables both to 
be focused simultaneously. In the example shown,” the center lens 


Fig. 151. Camera for Making Stereoscopic Photographs. 


_ produces an image on a focusing screen at the top of the camera be- 
neath the hood. Stereoscopic cameras use either roll film, film packs, 
sheet film or plates. The general practice is to make transparencies 
on film or glass for use in the stereoscope rather than prints on paper 
because of the greater brilliance obtainable with images illuminated by 


transmitted light. In some cases the camera is designed so that it may 
be also used as a stereoscope. 


CAMERA ADJUSTMENTS 


Swing Back.—The swing back is a movement, found quite gen- 
erally on professional cameras and occasionally on film and plate cameras 
designed for the serious amateur, which permits the plane of the sensi- 
tive material to be placed at an angle to the optical axis of the lens, for 
the purpose of (1) changing the shape of the image, or (2) securing 
greater depth of field. 


5 Burleigh Brooks, Inc., New York. 
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When the plane of the sensitive material is parallel with that of the 
subject, parallel lines in the subject are rendered parallel on the image. 
If, however, the plane of the sensitive material is inclined towards that 
of the subject, as in Fig. 152, the image is distorted and the lines diverge. 


Picture Planes 
(obtained by swinging 
the camera swing back 

about the axis) 


Lens 


Fig. 152. Illustrating the Effect on the Image of Inclining the Plane of the 
Sensitive Material to That of the Subject. 


Tilting the sensitive material in the other direction causes the lines to 
diverge but in the opposite direction. Inclining the plane of the sub- 
ject would produce precisely the same result. 

In photographing a tall building, for example, it is frequently neces- 
sary to tilt the camera in order to include all of the building. With 
the sensitive material in its normal plane, that is at right angles to the 
camera axis, the lines of the building converge towards the top. The 
swing back, however, enables the sensitive material to be placed in the 
vertical position, thus securing non-distorted rendering. 

In photographing from an elevation, the same principle applies 
except that the conditions are reversed. 

Since the axis of the lens is no longer at right angles to the sensitive 
material, but crosses it obliquely, a smaller diaphragm is usually neces- 
sary to obtain sharp focus over the whole of the image. 

Since it is clear from the principles of image formation that the 
focal distance for near objects is greater than for more distant objects, 
it is possible under certain conditions to secure sharp focus on both 
near and distant objects with a relatively large aperture by the simple 
expedient of inclining the sensitive material. The principle involved 
is shown diagrammatically in Fig. 153. 
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A and B represent two objects at different distances from the lens 
and A’ and B’ the corresponding image points. It is evident that with 
the sensitive material at right angles to the optical axis, there is no 


Fic. 153. Placing the Sensitive Material at an Angle to the Optical Axis to 
‘Image Sharply Objects at Different Distances. 


point at which the image of both A and B will be sharp, and only by 
placing the sensitive material between A’ and B’ and using a small 
diaphragm can a sharp image of both be obtained. If, however, the 
sensitive material is inclined as indicated by the line A’B’, both points 
will be sharply rendered. 

It is obvious that the swing back may be used in this manner to in- 
crease the effective depth of field only if points A and B lie at some 
distance above one another. This, however, is frequently the case in 
practice, as for example, with a group of persons arranged in rows 
behind one another in a staircase formation, a banquet table, a street 
photographed from an elevation, etc. 

A horizontal swing back may be used in the same way when photo- 
graphing objects at different distances, on a horizontal rather than a 
vertical plane. When necessary, both the vertical and horizontal swings 
may be used in conjunction. 

The use of either the vertical or horizontal swings in this manner 
distorts the drawing of the subject which, in some cases, is objection- 
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able and in other cases desirable. In fact, the commercial photographer 
frequently uses the rear swings of the camera to regulate the relative 
size of the near and more distant parts of the image. Thus, with a 
subject one side of which is appreciably nearer the camera than the 
other, the horizontal or side swing may be used either to increase or 
decrease the apparent distance (Fig. 153), while the vertical swing, 
or swing back, may be used in the same way to regulate the size of 
objects in the foreground in relation to other objects at a distance. 

The Swing Front.—The swing front is an adjustment enabling 
the lens to be tilted upwards or downwards so as to change the angle 
of the optical axis with respect to the sensitive material. It is a move- 
ment which is found on few cameras except those designed for difficult 
work of a technical nature. 

The swing front may be used in much the same way as the swing 
back to increase the effective depth of field, but with the advantage that 
the perspective is not distorted to the same degree. It is useful also 
in avoiding the necessity for a small diaphragm when the swing back 
is used to keep the sensitive material vertical. When, for example, the 
camera is inclined upward to include the top of a tall building, and the 
swing back is placed in a vertical position, a small diaphragm is often 
required to render both the top and bottom of the building sharp. If, 
however, the camera is fitted with a swing front, the use of a small 
diaphragm may be avoided by inclining the lens so that its optical axis 
is approximately parallel to the sensitive material. 

The use of the swing front in any case is practical only when the 
lens will cover sharply a picture area larger than that on which it is 
being used. 

Sliding Front.—This movement allows the lens to be moved in 
a horizontal direction parallel to the film or plate. On hand cameras 
not fitted with a reversible back, it serves as a rising and falling front, 
when the camera is placed on its side to make a horizontal picture. On 
cameras designed for professional use, it is frequently useful in obtain- 
ing unusual viewpoints and in distorting perspective to secure striking 
effects. Like all such movements, it presupposes the use of a lens 
with greater covering power than the plate or film with which it is used. 

Reversible and Revolving Back.—The reversible or revolving 
back allows the back of the camera to be changed so that the picture 
may be made either horizontally or vertically without turning the 
camera on its side. The revolving back, as its name indicates, revolves 


Cook—Swing’s the Thing. Phot.Tech. 2 (1940) July p. 42, Aug. p. 35. 
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from a horizontal to a vertical position without being detached and is 
found on only a few cameas. Neither reversible nor revolving backs 
are found on roll film cameras nor on compact hand cameras using 
plates or sheet film. 


SHUTTERS 


Modern shutters may be divided into four classes: (1) those placed 
before the lens, (2) those placed behind the lens, (3) those placed 
between the lens and (4) those placed near the focal plane directly in 
front of the sensitive material. 

Before-the-Lens Shutters.—Before-the-lens shutters are used on 
box and other cameras fitted with single lenses. Those used on box, 
and other inexpensive cameras, consist essentially of a thin metal disk 
with an open slot which is made to pass in front of the lens by a spring. 
This type of shutter is adjustable for time, for bulb, and a single 
“instantaneous” speed which may vary from 1/20 to 1/30 second 
depending upon the camera. 

On larger cameras, the before-the-lens shutter is virtually obsolete 
except for a single type used by professional photographers. This 
is similar to the modern between-the-lens shutter except that it has no 
marked instantaneous speeds and is mounted so as to be readily at- 
tached to the front of the lens mount thus permitting it to be used 
on a number of different lenses. 

Behind-the-Lens Shutters.—Behind-the-lens shutters are used 
chiefly on professional view, commercial or portrait cameras. One 
type, now nearly obsolete, consists of one, or in some cases two, metal 
leaves which operate in the same manner as a door. The two leaves 
are kept in the closed position by means of a spring. The exposure 
is made by means of a bulb and tubing which compresses the air within 
a cylinder and operates a piston causing the leaves to swing open and 
uncover the lens. While this type of shutter is not suitable for ex- 
tremely short exposures, it can be made almost noiseless in operation 
which is an advantage in portrait work. 

By far the most widely used behind-the-lens shutter consists of two, 
or in some cases three, metal, hard rubber or plastic blades which are 
kept overlapping in the closed position by means of a spring. Com- 
pression of the air within a cylinder operates a piston which causes the 
blades of the shutter to make a partial revolution about pivoted points 
thus uncovering the lens. Upon releasing the pressure on the bulb, 
the spring tension causes the blades of the shutter to move in the 


FOCAL PLANE SHUTTERS @O® 149 


opposite direction thus closing the opening. This type of shutter is 
more compact than the type previously described and is better adapted 
to short exposures. With some models, exposures of approximately 
1/25 second are possible. 

Between-the-Lens Shutters.—Between-the-lens shutters are fre- 
quently referred to as diaphragm shutters because of their location near 
the diaphragm. In some cases, the blades of the shutter are made to 
serve as a diaphragm opening up only to the set value. 

The modern between-the-lens shutters consist of three, or more, 
thin, hard-rubber, metal or composition blades which are pivoted about 
fixed points in a circle. These blades are opened and closed by pins 
on a movable ring. A spring provides the motive power to move this 
ring through a portion of one revolution. Usually the blades open and 
close at a fixed speed which is governed by the tension created by the 
driving spring. The time which the blades remain open is controlled 
either by pneumatic action or by a series of retarding gears. The 
former consists essentially of a cylinder and piston, the air being either 
compressed or partially exhausted in the setting of the shutter. An 
adjustable leak, which is controlled by the speed setting on the shutter 
dial, delays the action of the spring on the inner movable ring con- 
trolling the shutter blades and thus fixes the time during which the 
lens is uncovered. In gear-controlled shutters, a chain of gears with 
an escapement somewhat similar to that on a watch is employed to 
delay the closing of the shutter blades until the desired time has elapsed. 

Focal Plane Shutters.—The focal plane shutter is so termed be- 
cause it is placed near the focal plane, immediately in front of the 
sensitive material. Shutters of this type are used on reflex cameras 
and on many miniature cameras. While reflex cameras have been 
designed with other types of shutters, the focal plane shutter is par- 
ticularly suitable since it operates behind the mirror, thus enabling the 
lens to remain open at all times for observing the image and focusing. 
(See Reflex Camera.) On miniature cameras it enables different 
lenses to be used without having a separate shutter for each and in 
addition the operation of resetting the shutter and the movement of 
the film may be so connected as to prevent double exposures. 

There are two variations of the focal plane shutter: (1) the fixed 
and (2) the variable slit. The first consists of a relatively long opaque 
curtain of cloth, or other suitable material, running between a pair of 
rollers on opposite sides of the picture area, one of the rollers being 
under tension. The curtain is slightly wider than the picture and the 
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edges are enclosed in grooves which serve the double purpose of form- 
ing a guide for the passage of the curtain from one roller to the other 
and protecting the sensitive material from light. Across this curtain, 
at distances slightly greater than that between the two rollers are a 
number of slits of varying widths. 

Preparatory to making an exposure, the shutter is set by winding 
the curtain so as to select a slit of the proper width and the spring ten- 
sion on the lower roller is adjusted so as to regulate the speed at which 
the open slit passes in front of the film or plate. These adjustments 
are made in accordance with a table affixed in a convenient place on 
the outside of the shutter indicating the width of the slit and tension 
setting for a given exposure. When the shutter is set,-the plate or 
film is protected by an opaque portion of the curtain. Upon releasing 
the exposure lever, the curtain is freed and the tension on one of the 
rollers, usually the lower, causes it to revolve, winding the curtain on 
it so that the slit passes rapidly in front of the sensitive material thus 
making the exposure. A locking device stops the curtain after the 
slit has passed in front of the film or plate thus preventing a second 
exposure. 

The variable slit shutter differs from that just described in having 
two curtains one directly in front and as close to the other as prac- 
tical and each has its own pair of rollers. Springs attached to one 
set of rollers, usually the lower, keep the curtains under tension. Each 
curtain may be wound up separately but both move downward across 
the face of the film or plate at the same rate when freed by the ex- 
posure lever. The height of the slit in one of the curtains is approxi- 
mately the same as that of the picture. 

Before making an exposure this curtain is wound up on the free 
roller. The second curtain, however, is only partially wound up. 
Consequently, it does not completely cover the slit in the first curtain 
but leaves an open slit the height of which can be varied as required 
by the extent to which the second curtain is wound up. Thus the 
width of the opening between the two curtains may be varied at will, 
so as to control the amount of light reaching the film and thus deter- 
mine the exposure. 

This type of shutter is rather more complicated than the other but 
has the advantage that a wide range of exposures may be obtained by 
varying the width of the slit, thus rendering less necessary the de- 
pendence upon variations in spring tension as a means of controlling 
the exposure. Furthermore, a shutter of this type may be graduated 
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to read directly in terms of exposure and is the only type really prac- 
tical for miniature cameras. 

On reflex cameras the mirror protects the film or plate from light 
when the shutter is wound up to make an exposure. In other types 
of cameras with a focal plane shutter the exposure of the sensitive 
material is prevented by an auxiliary curtain placed in front of the 
shutter. This protecting curtain is wound up first and released after 
the shutter has been set. Such shutters are frequently termed “ self- 
capping” since it is not necessary to cover the lens to prevent the 
exposure of the film or plate when setting the shutter. 

With a focal plane shutter, unlike those placed near the lens, the 
entire image is not exposed simultaneously but successively in sections 
from one side to the other as the opening in the curtain passes across 
the face of the sensitive material. This being the case, it is evident 
that the image of a rapidly moving object will be distorted through 
movement of the image during the exposure. Such distortion com- 
monly takes the form of elongated or compressed images, diagonally 
deformed; for example, wheels on rapidly moving motor cars, curved 
spokes in the wheels of rapidly moving machinery etc. With a hori- 
zontally moving curtain, the image is lengthened if the slit moves in 
the direction of the image; that is, in the opposite direction to the sub- 
ject : compressed, if the slit moves in the opposite direction. 

There is some variation in exposure from one side of the image to 
the other, due to the fact that the velocity of the curtain, starting from 
rest at one side of the image, increases as it passes over the film or 
plate until it reaches the opposite side. In well-designed shutters, 
however, retarding devices prevent this variation in speed from being 
sufficient to produce any preciptible difference in exposure. 

Speed and Efficiency of Shutters.——The speed, or exposure time, 
of a shutter is the time interval during which light is admitted. In 
a between-the-lens shutter it is the time elapsing between the opening 
and closing of the shutter blades; in a focal plane shutter it is the 
time required for the slit in the curtain to pass a given spot on the 
sensitive material. 

The actual exposure times correspond fairly well with the marked 
speeds on the best examples of modern between-the-lens shutters, but 
unfortunately the manufacturer cannot guarantee that a shutter which 
is reasonably accurate when it leaves his hands, will remain so, par- 
ticularly if exposed to extremes of temperature, dampness or dust, or 
if carelessly handled. If, for any reason, the speeds appear not to 
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correspond with the marked values, it should be placed in the hands of 
a competent repair man or preferably the manufacturer. On no 
account, should the repair be undertaken by any one not thoroughly 
familiar with its mechanism. On no account, should a shutter be oiled. 

The efficiency of a shutter may be defined as the ratio between the 
amount of light actually reaching the sensitive material and the amount 
which can be admitted in the same period of exposure. A between-the- 
‘lens shutter, whose blades opened instantaneously to the maximum 
opening and remained open for the full period of the exposure and 
then closed instantaneously, would have an efficiency of 100%. In 


Fic. 154. Blades of a Diaphragm Shutter Opening and Closing. 


Fig. 154, are shown high speed photographs of the blades of a shutter 
at regular time intervals during an exposure. It will be observed that 
an appreciable part of the total exposure time is employed in the open- 
ing and closing of the shutter and that the full opening is available for 
only a portion of the exposure. The more rapid the opening and clos- 
ing of the blades of the shutter, the higher its efficiency. Since the 
speed at which the blades open and close is approximately the same at 
all exposure times,® it is evident that the efficiency increases with the 
exposure time. A moment’s consideration will show that the smaller 
the lens opening to be uncovered by the blades of the shutter, the 
longer the period, for a given exposure time, during which the aperture 
is completely uncovered and the higher the efficiency of the shutter. 

Measuring the Exposure Times and Efficiency of Shutters.— 
The time of exposure, in the case of a between-the-lens shutter, may be 
determined by photographing an object moving at a known rate of 
speed and measuring the displacement occurring during the exposure. 


6 An exception must be made in the case of the highest speed on some modern 
high-speed shutters. 


GrAy—Performance Characteristics of Camera Shutters. Phot.Tech. 1 
(1939) Aug. p. 14. 
SaLtt—Some Shutter Tests. Brit. J. Phot. 72 (1925) 603. 
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Methods based upon photographing a revolving phonograph disk have 
been described frequently in the literature,’ and less frequently the use 
of the wheel of an automobile (the car being jacked up), a falling body 
and a swinging pendulum. 

Of these, the first mentioned is usually the most convenient and, 
under ordinary conditions, the most accurate. The turn table is first 
set for a convenient number of revolutions per minute and a narrow 
strip of paper with a heavy black line attached to it. The phonograph 
is then placed in a good light and exposures made of the revolving disk 
at the different shutter speeds. The time required for one revolution 
of the phonograph turn table being known (60/r.p.m.), the time of 
the exposure is readily determined from the portion of the circle 
(360°) traversed by the line on the strip of paper during the exposure. 

Measurements of the efficiency of a shutter are much more difficult 
and require specialized equipment beyond the reach of the average 
amateur or professional photographer. A number of methods are 
described in the literature * all of which involve the measurement of 
the light passed, or the photographing of the opening in the shutter at 
small time intervals, on the order of 1/1000 second, throughout the 
period of the exposure. A useful resumé of the various methods will 
be found in the Dictionary of Applied Physics. 

While in general, the efficiency of focal plane shutters is higher than 
diaphragm shutters the difference is not considerable if modern types 
of between-the-lens shutters are used as a basis of comparison. 

Were it possible to have the curtain of a focal plane shutter in actual 
contact with the film or a plate, an efficiency of 100 per cent could be 
attained but this condition is manifestly impractical. The efficiency 
diminishes rapidly as the distance between the curtain and the film is 
increased and as the width of the slit is decreased. As with a between- 
the-lens shutter the efficiency decreases as the aperture of the lens 
increases. 


7 Durham, Brit. J. Phot. 81 (1934) 623. Glover, Brit. J. Phot. 67 (1920) 417. 
Salt, Brit. J. Phot. 72 (1925) 621. Newman, Phot. J. 53 (1913) 219. Moore, 
Brit. J. Phot. 75 (1928) 631. Hall, Brit. J, Phot. 69 (1922) 323. English, 
Amer. Phot. 33 (1939) 877. 

8 Andersen, Dictionary of Applied Physics, Vol. 4, 670. Andersen, Trans. Opt. 
Soc. (London) 22 (1920) 161. Nutting, Phot. J. 56 (1916). Eyles & Selwyn, 
Proc. Phys. Soc. (London), 47 (1937) 447. Blair & Long, Phot. J. 74 (1934) 
423. Gray, Phot.Tech. 1 (1939) Aug. p. 14. Andersen, Brit. J. Phot. 76 (1929) 


667, 682, 698. 
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With a focal plane shutter, the maximum efficiency at high speeds 
will be obtained by using as wide a slit and as high a spring tension as 
possible rather than a narrow slit at a lower tension. 

Finders.—The finder is a very important feature of hand cameras 
since it provides the only means of knowing what will be included in 
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Fic. 155. Finder Systems. 


the picture. The first requirement of a finder is that it should indicate 
exactly the area included by the lens of the camera. This is possible 
for all distances of the subject only if the axis of the finder and the 
lens coincide, a condition which is obviously impossible except in a reflex 
camera where the camera lens is used as a finder. 
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In designing a camera, the errors resulting from the separation of 
the finder and the lens are kept as small as possible by placing the finder 
as close to the lens and by making the axis of the one intersect with that 
of the other at a distance of approximately 15 feet. The difference in 
finder and lens image is then insignificant except on nearby subjects. 
In some cases, the field of the finder is made smaller than that of the 
lens so that all of the image seen in the finder will be included in the 
negative regardless of the distance of the subject. 

The simplest form of reflecting finder consists essentially of a minia- 
ture box camera as shown in Fig. 155 with a mirror placed at an angle 
of 45° behind the biconvex lens to reflect the image to the ground 
glass screen. The so-called “brilliant” finder is similar except that 
the ground glass screen is replaced by a second lens which results 
in a clearer and more brilliant image, since the light is not scattered by 
the ground glass. 

In all reflecting finders, the image is erect, but reversed laterally, i.e., 
from right to left. This is true also of the image seen on the focusing 
screen of a reflex or twin-lens camera. 

Direct vision finders are of several types. One of the simplest is 
known as the wire-frame, or iconometer, finder. It consists of a metal 
frame corresponding to the picture size and a deep-sight ; the first men- 
tioned is placed in the same plane as the lens and the latter in that of 
the plate or film. 

In some cases, the front frame is made considerably smaller than the 
picture area and its distance from the peep-sight reduced so that the 
angle included will correspond with that of the camera lens. This 
enables the finder to be placed on the side of the camera. 

In still another type of direct vision finder the front frame consists 
of a negative lens which forms a virtual image of the subject. The 
size and power of the lens determine the size of the field included in 
the finder. 

Today, in finders of this type, the peep-sight is usually a low-power 
positive lens which projects the virtual image formed by the negative 
lens to a more comfortable viewing distance from the eye. This optical 
system results in an image which is not only erect but is also not re- 
versed from right to left. Finders of this construction are very com- 
mon on current miniature cameras. 

Focusing Scales.—All focusing cameras, except those having a 
ground glass or range finders coupled to the lens, must be focused by 
scale. In the case of a camera in which the entire front moves, the 
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focusing scale is usually attached to the camera bed. In models with 
a self-erecting front which are focused by means of the front element 
of the lens, the scale is ordinarily on the circumference of the lens 
element or the face of the shutter. 

The positions on a focusing scale may be calculated from the follow- 
ing formula: 


: : aE: 
Scale interval from the infinity point = SF 
where F = the focal length of the lens 
S = the distance of the subject focused on. 


The same units (inches or centimeters) must be used throughout. 

The accuracy with which the focusing scale must be calibrated in- 
creases with the focal length and the relative aperture of the lens. 

Range Finders.—Range finders are used with cameras focused 
by scale to measure the distance of the subject and thus determine the 
proper setting on the focusing scale. Connecting the range finder me- 
chanically with the camera lens for all practical purposes, converts the 
instrument from a distance measuring device to a means of accurately 
focusing the camera on the desired object. Coupled range finders 
make possible direct, accurate and convenient focusing and were first 
employed on miniature cameras but are now found on cameras of larger 
size, particularly those designed for press photography. In many cases, 
however, the mechanical coupling device leaves much to be desired from 
the standpoint of accuracy, the shortcomings being particularly serious 
on nearby objects.® 

The range finders fitted to cameras, or sold separately as an accessory, 


are based upon the same general principle of triangulation as those de- 
signed for military use.'° 


® Schwalbe, Phot.Tech. 1 (1939) Nov. p. 14. 

10 Other types of distance measuring devices include: (1) instruments of the 
telescopic type in which the distance is measured from the extension necessary to 
obtain a sharp image of the object, and (2) instruments measuring distance in 
terms of the variation in the apparent size of a standard object with distance. 
See Lockett, Telemeters and Their Use. Brit. J. Phot. 74 (1927) 149, 

A range finder designed especially for use in dim light where the usual type 
of range finder is difficult to use, has been placed upon the market (Focus-Spot). 
An incandescent lamp operated from flashlight batteries is placed in the plane of 
the sensitive material. An image of this filament is projected on the subject by 
a lens which is placed directly above the camera lens and has the same focal 
length. Consequently, when the image of the filament on the subject is sharp, the 
camera lens also will be accurately focused for the same plane. 
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Consider two rays of light from a very distant. object E, coming 
through two openings O and P, Fig. 156.7 Because the object E is 
very distant, these two rays are parallel and pass through A and B. 
Now consider a close object D, situated on the ray passing through O. 


C 
A 
P — 
SS E 
B 
O| 
Fre. 156; 


The ray from D passing through O will also pass through B, but the 
ray from it passing through P will not pass through A, but through 
C. The closer D is to O, the greater will be the distance of C from A. 
The opening P can now be moved toward O, or if some adjustable 
device is provided at P to bend the ray from D to go through A, the 
amount of adjustment needed to accomplish this can be made to meas- 
ure the distance from O to D. It would be difficult to know just when 
C is moved the correct amount, unless there were something with which 


Jentes, JUSY/. 


to compare it. A fixed point for comparison is provided by moving B 
over to the original position of A, by reflecting the beam twice, Fig. 
157. Thus B, and C when adjusted to C’, are presented to the eye 
together, and any difference in their positions is readily seen. 


11 Kodak Reference Manual, Eastman Kodak Company. 
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Range finders may be divided broadly into two types: (1) those in 
which a part of the image is movable (split-field) and (2) those in 


Fic. 158. Illustrating the Appearance of the Image in (left) a Split-Field Range 
Finder and (right) in a Coincidence Range Finder. 


which two complete images are produced (superimposed or coincident 
image), one of which is movable. In both cases, the distance of the 
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object is measured by moving the displaced image, in the split-field 
type until it coincides with the fixed portion and in the other case until 
the two images merge to form one (Fig. 158). 
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Range-Finders of the Split-Field Type.—In Fig. 159,12 B and C 
are images of the same object D, created by two lenses, one of which 
is L, and the other M. To make C coincide with B, lens L is moved 
to the position L’. The closer D is, the more L must be moved. 

The objective lens, L, in this camera is carried on a movable support 
actuated by the adjusting cam, which is turned by the focusing knob. 
Turning this knob moves the camera lens along its axis, and thereby 
focuses it, by means of a helical thread. This cam is so computed that, 
when the range finder objective L is correctly placed for a given object, 
the camera lens is focused on this object. 

The two images created by lenses L and M occur on the face of 
prism P, (Fig. 159), at the common boundary of prisms P, and P,. 
The rays from M travel above prism P,, the rays from L travel inside 
prism P, and are reflected at a point just below the other rays. Both 
rays are then deflected by prism P, back to form the split image. P, 
is an erecting prism, the purpose of which is to present the images to 
the eye right side up. The field lens collects the rays forming the 
image and the ocular lenses are provided so that the images, which 
are only a short distance from the eye, may be seen easily. 

Range Finders of the Superimposed Image or Coincidence Type. 
—In the example shown in Fig. 160,1* the knurled knob F is moved in 


12 This construction is employed on the Kodak Bantam Special. 
18 Kodak Retina II. This description is from the Kodak Reference Manual. 
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the direction indicated by the arrows. This rotates the outer shell of 
the lens mount, and the lens and shutter mounting is moved in or out 
on the helical threads. The range finder system is coupled to the lens 
and shutter mount by lug, L, which is fastened rigidly to the shutter 
casing, and the link arm A. As the lens and shutter is moved in and 
out, the cam C swings about a vertical axis and the pin of the bearing 
B also swings causing the lever D and hence the prism P to swing about 
a vertical axis which is directly under the rear or reflecting surface of 
the prism. As the prism swings through a small angle, the con- 
vergence of the two rays, X and Y, entering the range finder is changed 
so that the point of convergence 
is the point for which the lens is 
focused. The light ray Y enters 
the finder at the aperture V, is 
reflected at the rear surface of the 
prism P through the filter Q to 
the plane glass plate M, is reflected 
at the glass surface, and passes 
through the aperture T. The light 
ray X enters the finder at the 
aperture U and passes through the 
glass plate and through the aper- 
ture 1 
When the eye is placed close to 
the aperture T, two images are 
seen. One is large and colorless, 
and the other is smaller, tinted a 
light orange (by virtue of the small 
filter placed at Q), and is located 
in the center of the larger image. 
When the object is in focus, the 
two images (i.e., the clear and the 
colored) in the range finder coin- 
cide. This type of range finder is 
very simple and objects before the 
Fic. 161. camera are seen natural size in the 
range finder. 
Leica Coupled Range Finder.—The principle of the range finder 
fitted to Leica 35 mm. cameras may be seen from Fig. 161.14 


14 Cornog, Amer. Phot. (1937) Jan. p. 1. 
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“A ray of light from the object at O passes through the window A, 
through the glass sheet C, which is set at an angle of 45° to line OA, 
through the window D, and into the eye at E. Another ray of light 
from the same point on the object passes through window F, is re- 
flected from mirror G, then from the glass sheet C, and finally passes 
through window D into the eye at E. Thus the eye at E will see two 
images, one direct and brilliant, the other, much weaker, reflected 
from the mirror, G. The mirror G can be rotated about an axis H 
by means of lever L, and it is obvious that if this mirror G is rotated 
to the proper position, the ray of light OGC will then emerge from 
window D along the line OE, and the two images will seem to have 
become one, or are coincident. Corresponding to this proper position 
of the mirror G, the end of the 
lever L indicates on the empiri- 
cally calibrated scale S the distance 
OC, which is called the ‘range’ of 
the object at O.” 


Zeiss Coupled Range Finder. — 
—The type of range finder em- Side View 
ploying two mirrors, or prisms, of Prisms 


one fixed, the other movable, has 
the disadvantage that the distance 
through which the moving mirror, 
or prism, must move in measur- 
ing objects at distances from in- ~~ 
finity to about three feet, is con- 
siderably less than the distance 
which must be traversed by the A= 3 
lens in its focusing mount. This y 
increases the difficulty of accurate C Z| | 
coupling, since a small error in the 0 eee ani ts 
coupling mechanism will introduce 
large errors in focusing. To avoid Ee: 
this, a different type of range finder Fic. 162, 
employing circular, rotating prisms 
has been developed by Zeiss Ikon for the Contax. The optical system 
is shown diagrammatically in Fig. 162. 

“ At P’ there are two prisms of triangular cross section and very 
small angle. Viewed in the direction of the arrow, these prisms would 
look like the inset in Fig. 162. In the figure these prisms are shown 
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im such a position that a ray of Eeht exch as OP will pass through 
them without any change im direction. and the ray would go along 
the Ene QE into the eye at E> together they act here Rie a sheet of 
ghss with parallel faces. These prisms are arranged s@ that they will 
Tetate about the Ene OPE im opposite directions and at equal rates as 
the focusing deve of the camera is adjusted. Having been turned 
for a Rttle way, the pair mo longer act Eke a sheet of phne panied 
glass but Eke a Single prism. Since row one Side of the combination &: 
thicker than the other. This can easily be demonstrated by using the 
pointed ends ef twe kad pencils to represent the prisms hokding the 
pencils perpendicular to the plane of Fig. 162, and rotating each towards 
the nght-hand side of the fieure, in opposite directions =The rewk is 
that the ray of Eeht is caused to deviate from the path OPE te the 
path OPE, In this case, mirror G is fixed, as is the sheet of ghas C 
So that the ray OGC passes into the eve at EF’ Tt i obviegs that br 
rotating the prisms as described, the two images can be brought into 
comenience along the Ene PE’ 

Tripods and Camera Stands.— A tripod should be used for all ex 
posures longer than 1/30 second with miniature cameras and 1/25 
second with krger cameras Movement of the amen durme the 
exposure is particalarly to be avoided with the miniature camera, owing 
to the lugh degree of enlargement. The mest important requirement 
of & triped is stability: unless 2t provides a dre: support for the amen, 
Ris worthless. An important fector in Stalehty often overoked is 
the head or camera platform, which should he free from “loose phy” 
and large enough to provide adequate apport for the amera. The 
Iegs ako should be rigid and should site or fold easily. The tighten- 
ing screws should be krge. Nothing is more exasperating than fussing 
with small, tight thombecrews in cok] weather. The triped shook’ 
preferably be high enough to permit the me of the camera at eve Revel 
and soll provide 2 hase suffitient to prevent the camera from being 
readily tipped or blown over. The legs of some tripods are fitted with 
interchangeable tips: a sharp steel point for use om soft surfaces and a 
rubber tip for use on polished surfaces. 

A thing head is a very desirable feature of many tripods or can be 
purchased seperately. In selecting a tilting top, as in selecting 2 tripod, 
one should look first for sability—and secondly, fer convenience in 
ase. Weight does mot necessarily mean stability but rigiity is sldom 
had m Reht-weight equipment. Im particular, one shoukd make sare 
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that the tilting top provides sufficient clearance for the camera when 
tilted to a reasonable angle up or down. 

Tripod braces may serve to prevent damage to the camera when 
using a tripod on marble floors or other smooth surfaces. 

In Fig. 163 is shown a type of tripod, or folding stand, preferred by 
many home portrait and commercial photographers. It is more rigid 
than the usual form of tripod, does not slip on polished surfaces and 
is not as easily upset. Its disadvan- 
tages are the great weight and bulk. 

Lens Shades.—It is gratifying to 
see. that Jens shades, neglected for 
so many years by both manufacturers 
and photographers, are again com- 
ing into general use. With modern, 
large-aperture lenses, the use of a lens 
shade is advisable at all times if neg- 
atives of the maximum brilliance are 
to be expected. The ideal lens shade 
would prevent all light reaching the 
lens except from that part of the sub- 
ject included in the picture. For the 
most part, the lens shades available 
commercially, being cylindrical in 
shape and of fixed length, do not 
by any means approach this ideal 
condition; nevertheless they do pre- 
vent a great deal of extraneous light 
from reaching the lens and are highly 
desirable. 

In many cases, the lens shade is de- 
signed to serve also as a filter holder. Fic. 163. Folding Camera Stand. 
This is an advantage in that it elimi- 
nates another accessory which may be lost, misplaced or forgotten. 

Plate and Sheet Film Holders.—Hand cameras of foreign origin 
for plates and cut film generally employ single metal holders shown in 
Fig. 164. A pressure plate behind the hinged metal frame makes the 
holder suitable for both cut film and plates. 

The typical American style double holder is shown in Fig. 165. 
Lifting up the hinged flap at the bottom allows cut film to be slipped 
in the grooves along each side of the holder. Glass plates are held in 
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position by overlapping portions of the flap and the stays at the top of 
the holder. 

Plate or film holders designed for three-color cameras differ from 
those designed for black and white photography in the provisions 
made to ensure accurate registration 
and for keeping the sensitive material 
flat when film is employed. Usually 
some variation of the book-type is 
employed, the holder being loaded 
from the back which acts as a pres- 
sure plate to maintain the sensitive 
material in the desired plane. 

Roll Film Adapter.—Roll film can 
be used with many cameras designed 
for cut film, film pack or glass plates, 
through the purchase of a roll film 
adapter. 

Film Pack Adapters.—Film packs 
are now used exclusively in film 
pack adapters, a book-form, light- 
tight holder with a removable slide 
similar to a film holder which en- 
ables the film pack to be removed 
Fic. 164. Single Metal Plate and from the camera so that the image 

Film Holder. may be focused on the ground glass. 

Lens Adapter.—The lens adapter 

shown in Fig. 166 enables lenses to be changed readily on view, com- 
mercial and studio cameras. The steel diaphragm firmly grips the lens 
where the flange screws on and holds it securely. An adapter of this 


Fic. 165. American Type Sheet Film Holder Showing Method of Loading. 
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type is instantly adjustable to fit different sized lenses and does away 
with the need for more than one lens board. 

Plate and Cut Film Magazines.—Plate or cut film magazines 
provide the means of making a number of exposures on glass plates 
or cut film without the necessity of hav- 
ing an equal number of plate or cut film 
holders. In a familiar type (Graflex) 
plates or sheet films are loaded in thin 
metal septums and inserted in the maga- 
zine in a darkroom. A slide similar to 
that of a plate or cut film holder is with- 
drawn before the exposure. After the 
exposure, the septum containing the film 
is withdrawn from the front of the maga- — Fyg, 166, Adjustable Lens 
zine next to the slide into the light-tight Board. 
leather bag at the end by means of a slid- 
ing lever, and transferred by hand to the rear of the magazine, thus 
placing the second septum and its plate or film in position for the ex- 
posure. Numbers on the back of the thin metal septums provide a 
record of the exposures. 

Changing Bags.—Changing bags enable film or plate holders, 
or developing tanks, to be loaded in daylight, when a darkroom is not 
available. The holders are slipped into the end of the bag which is 
then closed. The hands are next inserted through the sleeves which 
have rubber wrist bands to keep out the light. 

Reducing Backs permit the use of smaller film or plate holders 
with view, commercial or studio portrait cameras. 

Self-timers are incorporated in some between-the-lens shutters, such 
as the Compur, or are available separately as an accessory. ‘The self- 
timer delays the operation of the shutter by means of clockwork 
mechanism or an air escapement device, and enables the picture maker 
to include himself in the picture. In some models, the timing system 
may be used to make automatically timed exposures. 

Focusing magnifiers not only enlarge the image but increase its 
brilliancy and thus enable the image on the ground glass screen to be 
focused with greater accuracy. They are especially useful when 
photographing interiors or other dimly lighted subjects. 

Diffusion disks formed of ruled, molded or matted glass or embossed 
celluloid are supplied for use over the lens to soften the definition of 
fully corrected lenses. The diffusion produced is not of the same 
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character as that produced by semi-achromatic lenses, but for some 
subjects may be an improvement over the sharp definition of a fully 
corrected lens. 

In some cases, a number of 
disks producing varying degrees 
of diffusion are available, in other 
cases the degree of diffusion is 
controlled by the diaphragm. 

Swing Lens Mount.—In Fig. 
167 is shown a lens mounting 

Fig, 167) liking eLens. Holder. which performs the same func- 

tion as a swinging camera front. 
It is obviously suitable only for view, commercial or studio portrait 


cameras. 

Stereo Attachment.—The Stereo attachment shown in Fig. 168 7° 
enables stereoscopic pictures to be made with some single lens cameras 
simply by placing the stereo attachment over the lens of the camera. 


Itc. 168. Stereo Attachment. (E. Leitz & Co.) 


The two prisms present to the camera lens two images of the subject 
which are substantially the same except for the difference in viewpoint, 
which is approximately 70 mm. (234 inches). The camera lens images 
these reflected images on the film to produce two pictures side by side, 
constituting a stereoscopic pair. 


15 KF. Leitz, New York. 
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Light Sources.—The chief sources of radiant energy producing 
light are bodies or gases heated to the point of incandescence. The 
light of the sun, for example, is due to masses of hot gas under high 
pressure. In the tungsten lamp, a filament of tungsten, and in the arc, 
carbon, are heated to the point of incandescence by the resistance offered 
to the passage of the electric current. In gaseous conductor tubes, 
such as neon or sodium lamps, light is produced from the conduction 
ef electricity through gas. The current breaks down the molecules 
of the gas producing radiation, usually in both the visible and invisible 
regions of the spectrum. The fluorescent lamps, now gaining in popu- 
larity both for general illumination and for photography, make use of 
still another means of producing light, that is by fluorescence. A com- 
paratively large number of substances, both organic and inorganic, 
have the property of giving off light, or becoming fluorescent, when ex- 
posed to radiation of suitable wave length, usually beyond the visible 
region. Generally, fluorescent substances absorb ultra-violet energy 
and re-radiate it at longer wave lengths, which are visible to the eye as 
light. 

Light and Illumination.—The relation between light and illumi- 
nation is that of cause and effect; light is the cause and illumination the 
effect. Brightness is illumination as modified by the reflectivity of the 
surface illuminated. 

The intensity of a source of light is expressed in candle power. 
Thus, a light source whose intensity is one hundred times as great as 
that of the standard candle adopted as a unit of measurement, is said 
to be a light of 100 candle power. The candle power of a light source, 
however, does not necessarily indicate the total quantity of light radiated 
by that source. A 21 candle power automobile headlight lamp, for 
example, may produce a light beam equivalent to 1000 candle power 
through the concentration of the light emitted by the lamp, originally 
emitted in all directions, into a single directed beam. 

The quantity of light is called the Jumen. It is equivalent to the 
quantity of light on a surface of one square foot, every point of which 
is at a distance of one foot from a light source of one candle power. 
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The illumination on a surface is expressed in either foot candles or 
meter candles. A foot candle represents the illumination equivalent to 
that produced at a point on a surface at a distance of one foot from a 
light source of one candle power. A meter candle is similar except 
that a distance of one meter is substituted for one foot. 

Brightness is measured either in foot candles of reflected light, in 
Lamberts, the latter being equivalent to one lumen of reflected light 
per square centimeter, or in foot lamberts which represents one lumen of 
reflected light per square foot. 

Spectral Energy of Light Sources—Color Temperature——The 
wave lengths present in the source of radiant energy and the variatior 
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Fig. 169. Spectral Energy Curve of Incandescent Tungsten Radiation. 


in the amount of energy with the wave length, or as it is called, the 
distribution of spectral energy, 1s an important characteristic of a light 
source for photographic purposes. The spectral energy characteristic 
of a light source may be represented in two ways: (1) A spectral 
energy curve in which the intensity of the radiant energy for any par- 
ticular wave length is plotted on the vertical axis against the wave length 
(Fig. 169), or (2) by the color temperature which may be defined as 
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the temperature to which a black body must be heated to produce 
light having the same integral color as the suurce under consideration. 
For example, if the light from a tungsten lamp is referred to as having 
a color temperature of 3200° K., it means that the light of the lamp 
has the same spectral distribution as a black body at a temperature of 
3200° K. Only the spectral energy characteristics of a source haying 
a continuous spectrum, however, can be expressed in terms of color 
temperature. 

The spectral energy characteristics of a number of light sources in 
terms of the equivalent color temperature, is shown in the following 
table: 


Clesrpbltemiorthwesteskaye 2 ccc fio ec tten scat 20,000° K. 
Blue-sky-thin white clouds: :.....52525-.2455.--- 12,000° K. 
Blueiski arama sets oi, ois ois Sole on Foe 10,000° K. 
OVE CASEI Sky eae PO. «cok 53 pe bee nl ss 6,000° K. 
Suulightaaverave nous, fF. ee eee. 5,400° K. 
Sunlight, one hour after sunrise.................. 3,500° K. 
Gas filled incandescent tungsten lamp (average).... 3,000° K. 
Carbon type incandescent lamp.................. 2,080° K. 
Standardrcantdiowiecs. « .eb..2o  e ee ec 1,930° K. 


Measurement of Color Temperature.—AI1 methods of measuring 
color temperature which are practical for the average photographer 
are based upon subjective rather than objective operation. They are 
consequently subject to error arising from variations in the color sensi- 
tivity of the eye of the user. Persons wholly, or even partially color 
blind, for example, are unable to make accurate measurements of 
color temperature with the available equipment, while considerable skill 
and experience are required of the person with normal visual response 
to color. Of the three methods of measuring color temperature, the 
only one really practical for the photographer is that involving the use 
of a color meter of which there are two examples (Fig. 170). 

In these, two images of the subject are seen, one through a mono- 
chromatic filter, the other through a dichroic (two colored) filter. 
These two fields are made to match by a wedge which controls the trans- 
missions of the two filters.1 The wedge is calibrated in color tempera- 
tures so that, when the transmissions of the two filters have been 
equalized, the effective color temperature of the source is indicated on 
the dial of the instrument. 


1 Lowry and Weaver, J. Soc. Mot. Pict. Eng. 32 (1939) 298. 
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Sunlight.—The intensity of the light from the unobscured sun 
depends upon its distance above the horizon which in turn is dependent 
upon (1) the latitude, (2) the hour of day, and (3) the time of year.? 
Usually the light of the sun is supplemented by that reflected from the 
sky. In the absence of clouds, about 1/5 of the total illumination 
consists of skylight, or sunlight, scattered by the atmosphere enveloping 
the earth. The proportion of skylight to sunlight increases with 
clouds. Obviously, when the sky is completely overcast, there is no 
direct sunlight and all light is sky light. 


Fic. 170. Color Temperature Meter. (Eastman Kodak Company.) 


The intensity of sunlight depends also to a large degree upon atmos- 
pheric conditions and, so far as photographic exposure is concerned, the 
variations due to clouds, and less frequently other atmospheric dis- 
turbances—such as dust and water vapor, are probably more serious 
than those arising from the position of the sun above the horizon. 
The effect of such variations cannot be accurately determined by the 
unaided eye, but only with the aid of actinometers or photometric 
apparatus. (See Chapter 17, Exposure.) Exposure tables and cal- 
culators employ such descriptive terms as intense sunlight (no clouds), 
(1); light clouds (shadows barely visible), (2); cloudy bright (no 
shadows but bright), (3); heavy clouds, (4); and very heavy clouds, 
(5 or more). The numbers represent the relative intensity of sunlight 

2 This subject was first fully investigated by Bunsen and Roscoe, whose work 


has been repeated several times with improved apparatus. Kimball, Trans. JIl. 
ENGa Soca CNG Ye 18mG@923)e457e 
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under the conditions described. Obviously, these are only approxima- 
tions and depend to a large extent upon individual judgment. 

Of equal concern in color photography is the effect of such varia- 
tions on the spectral energy distribution, or effective color temperature, 
of sunlight. Reliable data on the subject are apparently very meager. 

The following table contains values for average color-temperature of 
sunlight for various seasons and weather conditions, as determined by 
A. H. Taylor of the General Electric Lamp Laboratories.* 


AVERAGE COLOR-TEMPERATURES OF DAYLIGHT FOR VARIOUS SEASONS AND 
WEATHER CONDITIONS 
(LIGHT RECEIVED ON A HORIZONTAL PLANE) 


April and June and Sept. and Nov., Dec. 
May July Oct. and Feb. 
Direct sunlight alone, 9 a.m. to 
Sh PETIT eee san ee Ran ee ene hs 5800° K.} 5800° K.). 5450° K.| *5500° Kx. 
Direct sunlight before 9 and after 3 5400 5600 4900 *5000 
Sunlight plus light from clear sky 
D AN. WO 2 {Diddle cco 6 coup cae) OSOU 6500 6100 *6200 
Before O.-atter' 3. ssa eea sore ae 6100 6200 5900 *5700 
Sunlight plus light from a hazy or 
slightly overcast sky. . eee 5900: 5800 5900 5700 
Sunlight plus light from 25% % to 
TOO MOVELCASTES kaya an 6450 6700 6250 
Totally overcast skylight........] 6700 6950 6750 Sate 
Light from hazy or smoky sky....] 7500 8150 *8400 7700 
Light from clear blue sky 
D BSI O'S) OHI 5 earn o 6 nS a ok 26,000 14,000 12,000 *12,000 
Befone;o mahtensrres eee ee eee 27,000 aves eee 12,000 


* One observation. 


Incandescent Tungsten Lamps.—The incandescent tungsten 
lamp consists essentially of a drawn filament of tungsten in a glass 
globe containing argon and nitrogen. The energy required to force an 
electric current through the filament raises its temperature to in- 
candescence. The operating temperature in the case of the average, 
modern, high-efficiency lamp is in the neighborhood of 5500° F. The 
filament is consumed but slowly despite this temperature because it 1s 
surrounded by inert gases which do not combine chemically with it and 
retard evaporation. 


3 Trans. Ill. Eng. Soc. 25 (1930) 154. 
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The radiation emitted by the incandescent tungsten filament is con- 
tinuous from the near ultra-violet, through the visible region and into 
the infra red, the extreme limits being between 400 and 3600 milli- 
microns * (Fig. 169). Thus, only a small portion of the total radiation 
from an incandescent tungsten lamp lies in the visible region ; from 75 to 
80% of the wattage input is emitted as infra-red radiation. The greater 
part of the radiation in the infra-red region is in the near infra-red 
extending from the limit of the visible region to about 5000 milli- 
microns. Incandescent tungsten lamps are, therefore, an excellent 
source of radiation for infra-red photography as well as for work in 
the visual region. 

The spectral characteristic of the radiation emitted by any par- 
ticular type of incandescent tungsten lamp depends upon the voltage 
at which it is operated, and is most conveniently expressed in terms 
of its equivalent color temperature. The maximum filament tempera- 
ture in degrees Kelvin, corresponding to the color temperature, for 
some of the lamps commonly employed for photographic purposes, is 
as follows: 


Maximum True 

Lamps Watts Volts Bulb Temperature 

(Degrees K.) 
General Service.........;.] 500 115 | PS-40 | 2935 
General Service...........] 1000 115 | PS-52 | 3000 
General Service........... 1500 115 | PS-52 | 3020 
(Moviciood) iemaeseeeee 2000 C.P. TiUGy WP PSESYY |) StK0) 
Projection (Monoplane)....| 500 115 T-20 | 3265 
Phototloods Now las nee 0) 115 A-21 | 3490 
Photoflood No. 2..........} 500 115 A-25 | 3430 
Photoioodi Noma ere 1000 115 | PS-35 | 3410 

Photolashe sen eee 3500 (Average color 
temperature) 


Increasing the operating temperature of the filiament, i.e., the voltage 
applied, (1) increases the light output, (2) the effective color tempera- 
ture, and (3) shortens the life of the lamp. The effect of increasing 
the voltage applied to a typical tungsten lamp from 95 to 125 volts is 
shown in Fig. 171.° It is important, therefore, to operate incandescent 
tungsten lamps at their rated voltage, if the proper results are to be 
obtained. If the voltage is not constant, both the intensity and the 


4 Forsythe and Worthington, Astrophysical J. 72 (1925) 146. 
5 Forsythe, Phot.Tech. 1 (1939) June p. 21. 
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color temperature will vary. Variations in either intensity or color 
temperature affect exposure, although ordinarily the errors due to such 
variations is within the exposure tolerance of the negative material. 
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Fic. 171. Effect of Variation in Voltage on the Color Temperature of a Typical 
Incandescent Lamp. 


In the case of color photography, however, variations in color tempera- 
ture are serious because most color processes are usually adjusted for 
light of a particular color temperature. Professional Kodachrome, for 
example, is balanced for a color temperature of 3200° K. and it has 
been stated that a variation in color temperature of 50° K. is evident 
in the finished result. If this is correct, the permissible variation in 
voltage in color photography is only a few percent, being approximately 
2.5% for a lamp having an effective color temperature of 3200° K. on 
a 110 volt circuit. 

It is evident, therefore (1) that the voltage on the lamp must be 
known, and (2) that means must be provided to keep fluctuations in 
voltage within the allowable limits. The first requirement is easily 
met by the installation of an accurate volt meter. Voltage regulating 
devices may be divided into two types: (1) those manually operated, 
and (2) those which are automatic in operation. The latter are natu- 
rally the more convenient, but are rather expensive in the sizes required 
for studio lighting equipment. Smaller units are excellent for use 
with printers, enlargers, etc. Manually operated variable transformers 
answer nearly every requirement in the studio and at a much lower 


cost.® 


6 Dudley, Measuring and Controlling Light for Color Photography. Phot.- 
Tech. 1 (1939) Oct. p. 8. 
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Both the luminous intensity and the effective color temperature of 
an incandescent tungsten lamp become less with age. The decrease is 
naturally more rapid in short-life lamps, such as the Photoflood, than 
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Fic. 172. Curve Showing the Relationship Between Color Temperature and Age 
(Hours of Operation) of a Typical Incandescent Tungsten Lamp. 
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in lamps operated at a lower filament temperature and designed for a 
longer useful life. The change in color temperature is, in general, of 
importance only in color photography. In Fig. 172 is shown the effect 
of continued operation on the color temperature of a typical incandes- 
cent lamp.” 

Gaseous Conductor Lamps.—Lamps of this type consist of a 
tubular bulb with an electrode in each end, the tube being filled with 


400, 500 600 700 
Fic. 173. Spectral Energy Distribution of the Mercury Vapor Lamp. 


gaseous sodium, neon, mercury or another suitable element. When a 
current of suitable voltage is applied, the flow of current produces an 
arc, and light is produced as a result of electronic displacements within 


7 Forsythe, Phot.Tech. 1 (1939) June p. 21. 
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the atomic structure of the gas. While the sodium and neon lamps are 
probably the best known lamps of this type today, the mercury vapor, 
or Cooper-Hewitt lamp, was the first to be introduced commercially 
and, until recently, the only one whose characteristics rendered it suit- 
able for general photography. The spectrum of gaseous conductor 
lamps is not continuous, but consists entirely of a few bright lines in 
widely separated parts of the spectrum (Fig. 173). The spectrum of 
the mercury vapor lamp, for example, is confined to a few bright lines 
in the violet, blue and green. Lamps of this type, therefore, are not 
suitable for use with color sensitive materials in the photography of 
colored objects. 

In the case of the mercury-vapor lamp, however, the relatively high 
emission in the violet and blue renders it especially suitable for use 
with blue sensitive materials, and its low current consumption, high 
degree of diffusion and low operating temperature adapt it to contact 
and projection printing, blueprinting, exposing rotogravure and other 
pigment papers and the copying of black and white originals in photo- 
engraving and other photo-mechanical reproduction processes. 

The fluorescent lamps now coming into general use may be regarded 
as a development of the mercury-vapor lamp, since they employ the 
same basic principle. In the mercury-vapor lamp, however, the elec- 
trical characteristics, the vapor pressure and voltage are regulated so 


Fic. 174. Spectral Energy Curves (a) Daylight and (b) White, 
Fluorescent Lamps. 


as to produce directly as much light as possible. In the fluorescent 
lamp, these elements are adjusted so that the discharge produces little 
visible light, but has a high emission of energy in the ultra-violet near 
a wave length of 253.7 mp. The inside of the bulb is then coated with 
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fluorescent powders, which become luminous when exposed to ultra- 
violet radiation. Various colors are obtained by using different fluores- 
cent or phosphorescent powders. The daylight, white and blue lamps 
are those of chief interest to photographers. The daylight lamp, as its 
name indicates, approximates daylight (Fig. 174) and may be used to 
supplement daylight, or alone where a light source of daylight quality is 
required. The white lamp corresponds approximately with high ef- 
ficiency tungsten-filament lamps with respect to the color of the light. 

Nearly all the light of the blue lamp is in the blue-violet region ; it is, 
therefore, well adapted for contact and projection printing, and other 
work in which blue sensitive materials are employed. A point of some 
importance is that the color of the light produced by fluorescent lamps, 
unlike that of incandescent tungsten filament lamps, does not vary ap- 
preciably with variations in line voltage; there is no need, therefore, for 
voltage regulating devices. 

The tubes operate at a temperature of approximately 120°. The low 
operating temperature, high photographic efficiency and freedom from 
disturbing glare, make the fluorescent lamp ideal for portraiture and 
many other branches of photography. Because of its shape, the fluores- 
cent lamp is well adapted for general floodlighting, when used in trough 
reflectors. Being extended sources, fluorescent lamps have very little 
“carrying power,” i.e., candle power in a given direction, and cannot 
produce a beam of light of high intensity as required for spotlighting. 
For such requirements, incandescent tungsten filament lamps must be 
employed. 

Unlike tungsten-filament lamps, fluorescent lamps require auxiliary 
control equipment. This control equipment consists (1) of an iron 
core choke coil which limits the arc current, and (2) a starting switch 
which momentarily closes and then opens the electrode heating circuit. 
Each lamp requires a separate auxiliary, although the equipment for 
two or more lamps may be in a single container. 

Arc Sources.—Before the widespread use of panchromatic ma- 
terials, the electric carbon arc was widely used as a source of light for 
photographic purposes, because of its high intensity and the abundance 
of light in the region of the spectrum to which blue sensitive materials 
are sensitive. Even today, the arc is widely used in photo-mechanical 


Engineering Data on Fluorescent Mazda Lamps. Engineering Dept., Gen- 
eral Electric Co. 1940. 

WorsteLtt—Modern Photographic Light Sources. J. Phot. Soc. Amer. 6 
(1940) 4. 
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processes, blueprinting and in other operations in which blue sensitive 
materials of comparatively low sensitivity are employed. For general 
photography, the electric arc has been falling into comparative disuse in 
recent years, because of the greater popularity of incandescent tungsten 
lamps, which are cleaner, more constant, require less attention, emit no 
fumes and in general are better adapted to the requirements of flood 
or general lighting. 

Ordinary carbons are less frequently employed today for photo- 
graphic purposes than the white flame or panchromatic carbons pro- 
duced by drilling the carbon and filling the core with inorganic salts 
selected either for the purpose of increasing the intensity of the light 
emitted or modifying its spectral distribution. The incorporation of 
rare earth fluorides, for example, as in the so-called white flame car- 
bons, results in a spectrum containing a large number of bright lines 
superimposed upon the continuous spectrum of incandescent carbon 


Fic. 175. Spectral Energy Curves: (A) Carbon, (B) White Flame, 
(C) Panchromatic Arc. 


(Fig. 175). In some cases, the bright lines are so numerous and so 
close together, that the spectrum may, for all practical purposes, be 
considered continuous. 

The arc lamps supplied for general photography are usually designed 
to operate at from 25 to 60 amperes, although much larger types are 
in use in motion picture production. The high intensity and sun arcs 
employed in the motion picture industry are also much more efficient 
than those in general use in portrait and commercial photography. 


LIGHTING EQUIPMENT 


Equipment for Incandescent Tungsten Lamps.—With the gen- 
eral adoption of panchromatic materials for both portrait and commer- 
cial photography, the incandescent tungsten lamp has become the most 
widely used form of artificial light. This is due to the fact that the 
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incandescent lamp forms a clean, convenient, reliable source of light, 
while the spectral distribution of the light is well adapted to the re- 
quirements of contemporary panchromatic materials. 


Itc. 176. Overhead Indirect Floodlighting Unit for Portrait Photography. 
(Johnson Ventlite Company.) 


An indirect, overhead lighting unit for general studio illumination is 
shown in Fig. 176. This consists of a number of trough-like, aluminum 
reflectors attached to the ceiling. The 1000 watt tungsten lamps are 
covered with a deflector, which intercepts the direct rays, returning 
them to the main reflector where they are re- RSLS resulting in a 
broad, highly diffused source of illumination. 

A typical floodlight, or modeling light, designed more particularly for 
portrait photography is shown in Fig. 177. The 30 inch reflector of 
aluminum is adjustable to any angle and is mounted on a stand which 
provides a range in elevation from 3 to 9 feet. A deflector, placed di- 
rectly in front of the 1000 or 2000 watt lamp, cuts off all direct light 


and returns it to the main reflector, thus producing a soft, well diffused 
source of illumination. 
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In general commercial and illustrative photography, floodlighting 
units of the type shown in Fig. 178 equipped with Fresnell lenses are 
widely used. The Fresnel lens, like the ordinary condensing lens, 


Fic. 177. Modelling Light Fie. 178. Concentrating Flood- 
Unit for Portrait Photog- light Unit for Commercial and II- 
raphy. (Johnson Ventlite lustrative Photography. (J. G. 
Company. ) Saltzman Company.) 


concentrates the light into a relatively narrow beam, but has the ad- 
vantage of producing diffused rather than direct illumination. 
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The spotlight projects a concentrated beam of light and is used to 
produce sharply defined highlights and shadows. Spotlights of the 
types illustrated in Fig. 179 employ a concentrated filament tungsten 
lamp behind a Fresnel lens or a condensing lens with a spherical 
mirror behind the lamp to concentrate the light on the condensing lens. 


Fic. 179. Typical Spotlighting Unit. (J. G. Saltzman Company.) 


Portable Equipment.—Compactness and portability are among 
the major requirements of lighting equipment for use away from the 
studio. Because of its greater carrying power, i.e., candle-power in a 
given direction, lighter weight and greater compactness, tungsten sources 
are preferred over all others for portable equipment. An example of 
tungsten lighting equipment for commercial photography away from 
the studio is shown in Fig. 180. 

The reflectors are from 16 to 20 inches in diameter and are designed 
for use with either incandescent tungsten or photoflash lamps. These 
reflectors are given various shapes to adapt them to different lighting 
requirements. A highly polished parabola is supplied for use where 
it is necessary to project a comparatively narrow beam of light for 
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some distance ; an etched parabola for use at shorter distances, and two 
others spreading the light over angles of 45° and 60° respectively. 
The reflectors are supported on light weight folding stands, or sus- 
pended from the wall and nest together for convenience in carrying. 


Fic. 180. Portable Lighting Equipment for Incandescent Lamps. 
,(JJohnson Ventlite Company.) 


Arc Lighting Equipment.—A typical floodlighting unit employ- 
ing a twin arc is shown in Fig. 181. The twin arc is generally pre- 
ferred over the single since, with practically the same current consump- 
tion, the light intensity is nearly twice as great. An electrical relay 
mechanism controls the positions of the carbons so that the lamp re- 
quires no attention except when it is necessary to change the carbons. 
Automatic operation also results in a light source, which is more nearly 
constant in intensity. For floodlighting, the arcs are invariably en- 
closed in a box-like cabinet and in some cases, deflectors are provided 
to cover the arc so that only the light reflected from the sides of the 
cabinet is used. . 
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The arc, being essentially a point source of light, is well adapted to 
spotlighting requirements. Spotlights employing an arc source do not, 
in general, differ essentially in design from those already described. 


Fic. 181. Typical Arc Lamp for 
Portrait and Commercial Photog- 
raphy. (Photogenic Machine Com- 
pany.) 


Equipment for Fluorescent 
Lamps.—Fluorescent lamps, being 
an extended, highly diffuse source of 
light, have been used chiefly, up 
to the present time, in portraiture. 
A typical unit (Fig. 182) consists 
of a number of lamps, each with 
a trough-like reflector in a frame 
mounted on a stand, which enables 
the lighting unit to be raised or 
lowered as required. Similar light- 
ing units are available for per- 
manent installation on the studio 
walls, and small units with collap- 
sible stands are available for home 
portrait work. 

Care of Lighting Equipment.— 
Lamps or reflectors should be kept 
clean. Even in a comparatively 
clean district there is enough dust, 
smoke and soot in the air to justify 
regular cleaning of the lighting 
equipment once a month. In the 
downtown sections of a busy indus- 
trial city, or in close proximity to 
smoke and dust producing plants, 
more frequent attention is required. 
Clean lamps and reflectors with 
soap and water or a soft cleaning 


powder. Light diffusing materials, such as tracing cloth, china silk, 
and buckram, should be renewed every six months. . 

To obtain maximum efficiency from the light, the walls of the studio 
should be painted white, light ivory, or light gray. If the walls are 
dark, little light is reflected and practically all of the illumination comes 
directly from the lighting units; if the walls and ceiling are light, the 
light reflected provides illumination for the shadows and reduces the 


exposure. 
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Incandescent lamps should be burned at their stated voltage. If 
the voltage is too high, the lamps burn brightly but their life is unduly 
shortened. If the voltage is too low, the light output is greatly reduced 


Fic. 182. Lighting Unit Employing Fluorescent Lamps. 
(Johnson Ventlite Company.) 


and the actinic intensity of the light is reduced even more. Therefore, 
it pays to make certain that the rated voltage of the lamp corresponds 
with the actual voltage at which they are used. 

It is distinct economy to use, in each lighting unit, only the particu- 
lar size and type of lamp for which the unit is designed. This is 
especially important in the case of spotlights and focusing reflector 
floodlights, both of which depend for efficient illumination upon the 
light source being in the proper position with respect to the optical 
system. 

All electrical wiring, cords, switches, connections, etc. should be 
checked periodically and repaired or replaced at first sign of disorder 
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to prevent possible damage to equipment, injury to operators, or fire 
danger. 

Reflecting and Diffusing Mediums.—Reflectors increase the ef- 
fective candle power of a light source by directing it towards the area 
to be illuminated. The reflector should, so far as possible, confine the 
light to the area to be illuminated; reflectors which spread the light 
over a larger area are wasteful of light. Specular surfaces form the 
most efficient reflectors, but are more costly to produce, and the surface 
is not as permanent or as resistant to wear. In addition, difficulty is 
frequently experienced in obtaining uniform illumination, owing to the 
imaging of the light source. Matt or semi-matt surfaces, which reflect 
diffused light, are preferable for most purposes. 

The efficiency of a number of the materials used in the construction 
of reflectors for photographic lighting equipment is shown in the fol- 
lowing table: § 


Character of Per Cent 


Surface Reflected Light Reflectance 

Silver plate Specular 85-90 
Glass mirror Specular 80-90 
Aluminum foil Specular 85 

Aluminum, Alzak Specular 75-85 
Aluminum, polished Diffuse 70-80 
Aluminum, oxidized ; ‘Specular 60-70 
Aluminum, etched Diffuse 70-85 
Chromium Specular 60-65 
Chromium, satin ; Diffuse 50-55 
Stainless steel * S04 i Specular 55-65 
Stainless steel, satin * | Diffuse 50-55 
Porcelain enamel, white Diffuse 60-80 


The effect of the reflecting surface on the spectral energy distribu- 
tion of the reflected light is manifestly of importance in color photog- 
raphy, but no data appears to be available on this point. 

Light Diffusing Materials—Light diffusing material should 
diffuse or spread the light with as little absorption as possible. In the 
ideal case, the entire surface of the diffusing material should be uni- 
formly illuminated and should appear equally bright when viewed from 
various directions. Such uniformity is extremely difficult of attain- 
ment, but the translucent materials at present available, when used in 
conjunction with properly designed reflecting equipment or several 


8 Compiled from data supplied by Nela Park Engineering Department, Generai 
Electric Company. 
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lamps correctly spaced, give a sufficient uniformity to meet photographic 


lighting requirements. 


Data on the more common types of translucent 


materials are given in the following table: 


Materials 


Tracing Cloth 
China Silk 


Per Cent Light Diffusing 
Transmitted Properties 
es es Paka 60-70 Good 
aes ear 60-70 Fair 
Rea oe 85-90 Good 
are 20-30 Excellent 
Deo Eine ae 80-90 Fair 


Flash Lamps.—In the latter part of 1930 the General Electric 
Company announced the first Photoflash lamp to appear on the Ameri- 


can market. 


This lamp contained about 65 mg. of thin aluminum foil 


which was ignited by passing an electric current through a filament 


covered with a chemical primer. 


The bulb was filled with oxygen to a 


pressure of 170 mm. of mercury. This lamp gave a flash of relatively 


short duration (about 1/50 sec. 


) and of sufficient intensity to properly 


expose a subject under average indoor conditions. 

Immediate acceptance of this lamp was inevitable since it abolished 
the fire hazard ever present with the open firing of magnesium powder 
and introduced a controlled light source thereby eliminating one of the 


variables of indoor picture taking. 


Amateurs used the lamp by the so- 


called “ open flash” technique; i.e., they opened the shutter on “ time,” 


flashed the lamp to make the exposure, then closed the shutter. 


By 


this method satisfactory pictures could be taken of stationary or slow 
moving subjects simply by allowing the duration of flash of the lamp 


to control the exposure interval. 


In the early thirties many devices, 


known as synchronizers or flash guns, were introduced to synchronize 
the opening of between-the-lens shutters with the peak intensity of the 
flash in an effort to make possible flash photography at the higher 


shutter speeds. 


At the same time the lamp manufacturers attempted 


to standardize the time characteristics of their flash lamps so that the 
light emitted would reach maximum brilliance in 20 milliseconds ® after 
the primer filament had been energized. 

The duration above half peak intensity for the early foil-filled lamps 


was approximately 1/120 sec. 


This short duration made it rather dif- 


ficult to synchronize the camera shutter at the higher shutter speeds, 


so that it would be open during this relatively short interval. 


To 


overcome this condition, the foil filling was replaced with a wire filling 


9A millisecond is 1/1000 sec.; therefore 20 m.s. = 1/50 sec. 
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which burned at peak brilliance for a longer interval, thereby producing 
a lamp with a duration above half peak intensity of about 1/60 sec. 
Both leaf foil, shredded foil and wire-filled lamps are available today. 
The foil-filled lamp usually reaches a higher peak intensity than a 
wire-filled lamp of corresponding bulb size, while the wire-filled lamp 
gives a flash of somewhat lower peak intensity but of longer duration. 
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Fic. 183. Time-Light Curve of Nos. 16 A and 21 Flash Lamps. 


Fig. 183 gives comparative time-light curves for the No. 16A 
Photoflash lamp, which is wire filled,’° and the No. 21 lamp which 
is foil-filled. The following characteristics should be noted: 


Lamp No. 16A No. 21 
Filling Shredded foil Leaf foil 
Peak Intensity, lumens 2,600,000 4,500,000 
Duration of Flash.above half 

peak intensity, m.s. 9 14 
Time to Peak Intensity 20 20 


A third type of flash lamp is available which permits synchronization 
with focal plane shutters. This is a wire filled lamp having a still 
lower peak intensity but with a very prolonged flash. Fig. 184 shows 
the time-light trace for the No. 6 and No. 31 focal-plane lamps. This 


10 The wire filling in Mazda Photoflash lamps is referred to as shredded foil 
since the filling is made by shredding foil into thin wire-like strips. 
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long flash is needed so that light of constant intensity will be incident 
upon the subject throughout interval required for the focal-plane 
shutter slit to traverse the film. The No. 6 lamp is intended for use 
only with focal-plane cameras of the miniature type. 


Million Lumens. 


LIGHT INTENSITY, 


TIME, ™. s. 


Fic. 184. Time-Light Curves for the Nos. 6 and 31 Flash Lamps for 
Synchronization with Focal Plane Shutters. 


Flash Lamp Characteristics—The following characteristics of 
a flash lamp should be known to describe fully its photographic useful- 
ness as a light source: 


1. Spectral quality of the radiation. 

2. Total quantity of light emitted, lumen-seconds. 

3. Maximum intensity of the radiation, /umens. 

4. Time from application of the filament current to the start of the 
flash, m.s. 

5. Time from application of the filament current to the peak intensity 
of the flash, sec. 

6. Total duration of the flash above a specified minimum intensity, 
sec. 


The time characteristics (Items 4, 5, and 6 above) can be readily 
determined by passing light from the lamp through a slit onto a sheet 
of film which is moved past a slit with a known velocity. A study of 
the variation in density of the resulting photographic trace gives a 
measure of the “ photographic effectiveness” of the radiation directly 
as a function of time. A spark discharge flashed through the slit at 
the instant the filament circuit is closed records the zero point from 
which to make time measurements. Fig. 185 shows a density-time trace 
for a No. 5 Photoflash lamp which was obtained by exposing a 4 « 5 
inch sheet of film in the G. E. Synchrograph shown in Fig. 186. This 
instrument consists of a rotatable drum in which is cut a longitudinal 
slit. Surrounding the drum is a light tight chamber which holds the 
film in a cylindrical shape of slightly greater radius than that of the 
drum. Light from the flash lamp enters the hole at one end of the 
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synchrograph where it is spread by a conical mirror into a disc of 


light orthogonal to the axis of the drum. 


G.£. Synchrograph 
4*5 Super XX. 
eS photof lash Lamp 


-—- 2Oom.S, peak 


cam S perk 


Fig. 185. Synchrograph Trace of No. 


5 Lamp. 


By rotating the drum at a 
known r.p.m., light from the 
lamp passes through the slit onto 
the film to expose the density 
trace of the lamp. Light from a 
momentary spark discharge which 
is flashed simultaneously with the 
closing of the lamp filament cir- 
cuit enters the other end of the 
synchrograph, is deflected by a 
second conical mirror, and passes 
through the drum slit to estab- 
lish the zero reference line shown 
in Fig. 185. 

Intensity measurements for 
flash lamps can easily be obtained 
by allowing the light from the 
lamp to fall upon the surface of 
a photo tube which is connected 
through a suitable amplifier to a 
string oscillograph. Time-light 
curves obtained in this manner 
are shown in Fig. 187. The 
wavy character of the time-light 


curves is caused by superimposition of the trace of a 1000-cycle tuning 


fork onto the time-light curves. 


AS POSSIBLE 


A PHOTOFLOOD LAMP NO, | 
ND GROUNDGLASS 


CAMERA LENS LOCATED AS. 
NEAR HOLE IN SYNCHROGRAPH 


This procedure gives a convenient 


MAZDA PHOTOFLASH LAMP 
CONNECTED TO LAMP SOCK 


GENERAL ELECTRIC 
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Fic. 186. General Electric Synchrograph. 
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method of measuring time along the curve, since the time between 
each peak of the tuning fork disturbance is exactly one millisecond. 
Curve 5 (Fig. 187) is for a No. 11 lamp operated with two 1% volt 
D cells having a short circuit current of 5 amps. It will be noted 


Fic. 187. Oscillograph Tracings of a No. 11 Flash Lamp. 


that under these conditions the lamp reaches peak intensity in 20 
milliseconds after the current is applied. Curves 4 and 3 are for No. 
11 lamps when fired with two 1% volt D cells with short circuit cur- 
rents of 4 and 3 amps respectively. It is apparent that the weaker bat- 
teries slow down the lamp materially. For these tests the lamps were 
flashed in a Kodak Senior Synchronizer (see Page 196) which has an 
electromagnet of 2.4 ohms resistance connected in parallel with the 
lamp. The ordinate values for these time-light curves are found by 
calibrating the oscillographic equipment against a standard incandescent 
lamp of known brightness and color temperature. 

Curves 5’, 4’, and 3’ in Fig. 187 show the current through the lamp 
filament and the time to filament burn out for each case. It will be 
observed that the filament current rises sharply at the instant the 
circuit is closed but drops to a steady value within one to two milli- 
seconds. The sharp break in the current trace at point A shows where 
the filament burned out. It is apparent that the time to filament burn- 
out is greatly prolonged by using weak batteries. 

Spectral Distribution of Flash Light.—The spectral character 
of a light source having a continuous spectrum may be specified con- 
veniently by giving the color temperature of the source. The color 
temperature is defined as the temperature to which a black body must 
be raised so that the light it emits has the same integral color as that 
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of the source being considered. Thus, for example, if a flash lamp has 
a color temperature of 3600° K, it means that the light from the lamp 
has the same integral color as that from a black body operated at a 
temperature of 3600° K. The color temperature of a flash lamp is 
usually specified for only that light having an intensity above a half 
million lumens to avoid the light emitted at the beginning and end of 
the flash where the temperature of the aluminum filling is rising or 
falling. 

The table on Page 190 gives the operating characteristics of G. FE. 
Photoflash Lamps, including the color temperature for each lamp. It 
will be noted that all of these lamps operate at a color temperature lying 
between 3450° K. and 3800° K. except the No. 5B and No. 21B 
lamps which are specially coated with a blue lacquer to raise the color 
temperature to 6300° K.. so that it will be a suitable source for use 
with Kodachrome film balanced for daylight use. 

Since both orthochromatic and panchromatic emulsions can be ex- 
posed by either daylight (5400° K. upwards) Photoflood light (3400° 
K.), or regular tungsten lamps (2850° K.), it is apparent that these 
emulsions can be exposed properly with any Photoflash source which 
has a color temperature lying between these limits. 

The following table will be found helpful in selecting the proper 
filter to use when exposing Kodachrome Films by Photoflash light: 


Kodachrome Professional Kodachrome 
Type A Type B 
Leaf Foil Filled Lamps CC-13 CC-15 
Wire or Shredded Foil Filled Lamps  CC-15 2A 


The Photoflash lamps listed in this table (except the No. 5B and No. 
21B) can be used in this manner with Kodachrome Films balanced for 
tungsten illumination. 

Kodachrome film (daylight type) requires a much bluer light than 
that emitted by regular flash lamps since this film is balanced to give 
proper color rendition by daylight (5400° K.). The No. 21B and No. 
5B lamps are coated with a blue lacquer which was developed by the 
Kodak Research Laboratory and has such a transmission that the light 
from the bulb is of the proper color temperature to supplement day- 
light in taking pictures with Kodachrome film balanced for daylight. 
Fig. 188 compares the spectral transmission of the blue lacquer with 
that of an ideal filter that would transform light from a No. 21 or 5 
lamp to a color temperature of 6500° K., which is within the range of 
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color temperature of the light for which this type of Kodachrome 
film is balanced. 


PERCENT TRANSMISSION 


0 
400 500 600 700 
WAVELENGTH. = (mu) 


Fic. 188. Spectral Transmission of Lacquer Used on Nos. 5B and 21B Lamps. 


Synchronization.—Manually set camera shutters, such as the 
Supermatic, Kodamatic, Diomatic and Compur, require about 5 milli- 
seconds for the shutter blades to reach the full open position; i.e., 
5 milliseconds elapses between the instant when the shutter is tripped 
and the shutter blades open fully. The duration of the interval during 
which the shutter remains open depends upon the shutter speed. The 
following table gives average values for the duration of full shutter 


Time for Shutter Duration of zotgh Eee fone be. 
Shutter Speed Blades to Reach Full Opening, id CL ee Bl " ae 
Full Opening, m.s. M.S. GHA ae Re Ey, 
1/400 5 Wes) 8.5 
1/200 5 5 11 
1/100 5 10 16 
1/50 5 20 26 


opening for several shutter speeds. Fig. 189 shows a graphical record 
of these shutter characteristics together with a trace of the time- 
intensity curve of a typical flash lamp which was energized at the 
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same instant that the shutter was tripped. From this record it may be 
seen that no light from the lamp passed the shutter at either the 1/400 
or 1/200 speeds, and that an insufficient percent of the total light reached 
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RELATIVE SHUTTER OPENING, PERCENT 
LIGHT INTENSITY 


INERTIA cal TIME, m. s. 
OF SHUTTER MECHANISM 
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FOR LAMP FILAMENT AND PRIMER 
TO IGNITE FOIL OR WIRE FILLING 


Fic. 189. Shutter and Lamp Curves Showing Timing when Lamp is Flashed at 
Instant of Tripping Shutter. 


the film at the 1/100 speed. Hence we may conclude that simultaneous 
flashing of the lamp and tripping the shutter would give satisfactory 
results only for those shutter speeds slower than 1/100 second. 

To overcome this difficulty various synchronizing devices have been 
made which delay tripping the shutter until 12 to 15 milliseconds after 
the lamp circuit is closed. In this manner the shutter action is retarded 
sufficiently to allow the lamp to almost reach peak intensity before the 

-shutter blades reach the full open position. A graphical representation 
of a properly, synchronized shutter is shown in Fig. 190. It will be 
seen, that, when the shutter action is sufficiently retarded it is possi- 
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ble to take pictures at any desired shutter speed since ample light is 
passed by the shutter at all speeds. 

Self acting shutters, such as the Kodex and Dakon, require about 13 
to 15 milliseconds to reach the full open position. For this reason, a 
delay type synchronizer mechanism is not required for these shutters 


SHUTTER BLADES REACH 

FULL OPENING FOR ALL| 

AT: 11400 SPEED, SHUTTER 
BLADES START TO CLOSE. 
AT 11200 SPEED. SHUTTER 
BLADES START TO CLOSE. 
AT 11/100 SPEED, SHUTTER 
BLADES START TO CLOSE 
AT 1/50 SPEED. SHUTTER 

‘BLADES START T() CLOSE. 
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Fic. 190. Shutter and Lamp Curves for Properly Synchronized Shutter. 


since flashing the lamp at the instant the shutter is tripped results in the 
shutter blades being fully open during the peak intensity of the lamp. 
Self acting shutters in general do not have shutter speeds greater than 
1/100 sec. ; therefore the blades remain fully open for a sufficient dura- 
tion to pass ample light from the flash to the film. 

Synchronizers.—Devices for synchronizing the shutter action 
with the flash of the lamp may be divided into two types: (1) me- 
chanical synchronizers and (2) electromagnetic synchronizers. 

The Kalart Micromatic Speed Flash, shown in Fig. 191, is representa- 
tive of one of the better mechanical synchronizers in popular use today. 
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The synchronizing device, which attaches directly to the camera shutter, 
is electrically connected to a suitable battery case which accepts the 
flash lamp and holds a reflector to direct light from the lamp toward the 
subject. In operation, a disc within the synchronizer housing is manu- 


Fic. 191. Kalart Micromatic Speed Flash Synchronizer. 


ally rotated against the action of a helical spring until a small pawl 
engages the disc, holding it in the “cocked” position. When pressure 
is applied to the cable release, the pawl is depressed and a flat silver 
spring makes contact against a screw which is connected to one of the 
lead-in wires to the battery case. The helical driving spring is always 
in contact with the wall of the synchronizer housing to which the other 
lead-in wire is grounded. Thus, when the cable release is pressed, the 
action of the pawl causes the electrical circuit to be completed thus 
firing the lamp. 

The disc then starts in motion, actuated by the tension of the 
helical spring. After about 12 to 15 milliseconds of rotation, the disc 
reaches a position where it allows a small spring-driven plunger to 
enter the shutter with just sufficient force to trip the shutter: From 
this explanation it is seen that the electrical circuit is closed when the 
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pawl is pressed by the cable release sufficiently to free the spring driven 
disc which, 12 to 15 milliseconds later, releases the plunger to trip the 
shutter. 

With mechanical synchronizers the electrical energy supplied by the 
battery is used only to raise the filament of the flash bulb to incandes- 
cence. The circuit is automati- 
cally broken when filament burn- 
out occurs. Because of this, each 
flash lamp fired drains but a negli- 
gible amount of energy from the 
batteries, and consequently long 
battery life results. Considerable 
care must be exercised in the 
design and manufacture of the 
moving contacts employed in me- 
chanical synchronizers, since high 
contact resistance or vibratory 
erratic contact will seriously delay 
the time to peak intensity of the 
lamp. Some mechanical synchro- 
nizers are so made that the tripper 
mechanism is influenced by the 
rapidity with which the operator 

Fie. 192) Cutaway "Model of Ko. Dresses the cable release. Devices 
dak Senior Synchronizer, Speedgun Of this nature cannot be free 
Model E. from the subjective effect of the 

‘ operator, and therefore are not as 
reliable as a device which completes its cycle of operations in a pre- 
determined manner. 

Fig. 192 shows a cut-away view of the Kodak Senior Synchronizer, 
Speedgun Model E. This is a typical electromagnetic synchronizer 
which operates the camera shutter through a cable release. In opera- 
tion a spring loaded plunger is manually moved to the “ cocked” posi- 
tion (as shown in Fig. 192) where it is held by a small pawl. When 
the synchronizer switch is pressed both the lamp and electromagnet 
circuits, which are connected in parallel, are closed simultaneously. 
The air gap in the magnetic circuit of the solenoid is adjusted to allow 
about 12 milliseconds to elapse before sufficient flux density is built 


Morcan—Synchroflash Photography. Morgan & Lester, Publishers, New 
York. 
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up to withdraw the pawl and thereby release the plunger. When the 
plunger is released it travels upward under the action of the spring 
striking the end of the cable release which in turn trips the shutter. 

By proper coil design, i.e., correct balance of resistance, ampere- 
turns, and magnetic reluctance, it is possible to have both the lamp and 
shutter remain in matched synchronization throughout a wide range of 
battery amperage. The curves shown in Fig. 190, Page 194, illustrate 
this condition for new batteries having a short circuit current of 5 
amperes to practically exhausted batteries having a short circuit current 
of but 3 amperes. These curves show that while the lag of the lamp is 
increased as the batteries age, the action of the coil is slowed up so that 
the shutter opening is also delayed by a corresponding amount. 

If the coil of a magnetic synchronizer has a resistance much below 2 
ohms it will drain too much current from the batteries and conse- 
quently slow down the flashing of the lamp. Electromagnetic syn- 
chronizers of this type are very sensitive to changes in battery amperage 
and are quickly thrown into malsynchronization as the batteries age. 

Multiple Flash.—F requently photographers wish to synchronize 
more than one flash bulb with the camera shutter in order to obtain 
better subject modeling than is possible with a single light source. 
These extension flash lamp sources are wired in parallel to the lamp 
socket on the synchronizer battery case. The added resistance of this 
wiring and the resistance of the contacts should not be greater than 0.5 
ohms; otherwise the time lag of the lamps will be increased more than 
is allowable for synchronization. The effect of circuit resistance upon 
the timing of the lamps is shown in the table below. 


EFFECT OF RESISTANCE ON TIMING OF PHOTOFLASH LAMPS FLASHED ON 3 VOLTS 
(two TYPE D DRY CELLS) 


e Time from Contact to Peak Intensity, m.s. 
Length of No. 18 Stranded 
Wire Two Conductor 


POMPE Ord, No. 21 Lamp No, 16A Lamp No. 5 Lamp 
0 20 20 20 
Zones 12) 21 aD 
50 ft. 35 22 23 


Battery Resistance.—Since the internal resistance of the bat- 
teries is in series with the flash lamp at firing it is important to use 
batteries which have a: fairly low and stable internal resistance. The 
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small penlite cells have an internal resistance two to three times as 
great as that of D cells. Since the internal resistance of all batteries 
increases with age it is good practice to replace batteries every month, 
especially the smaller. The table below gives a comparison of the time 
to peak intensity of lamps flashed on penlite and type D cells for various 
voltages. It will be observed that satisfactory performance is obtained 
with little change in peak lag for voltages between’3 and 18 volts. 


EFFECT OF VOLTAGE ON TIMING OF PHOTOFLASH LAMPS 


Time (m.s.) from Contact to Peak Intensity 
Voltage Cell Type + 
» No. 21 Lamp No. 16A Lamp 

iS Penlite —— 25 
iba8) Type D 35 22 
3.0 Penlite — 23 23 
3.0 Type D 20 20 
4.5 Type D 19 19 
9.0 Type D 19 19 
18.0 Type D 18 19 
110.0 INSCe 15 = 


Testing Accuracy of Synchronization.—The synchronizer should 
be tested from time to time for accuracy of synchronization. This 
can be done visually with sufficient precision by the following method: 
Secure a three-foot extension lamp cord having a bulb socket at one 
end and a male plug at the other. Screw a flash bulb into the socket 
and insert the plug into the bulb receptacle on the synchronizer battery 
case. Place the bulb behind the camera with the camera back open, 
having no film in the camera. Set the lens at maximum aperture and 
the shutter at the desired shutter speed. With the synchronizer and 
shutter cocked, fire the synchronizer at the same time looking directly 
into the lens. A brilliant flash of light will be seen through the shutter 
if the unit is synchronized properly. 

More accurate tests can be made with the G. E. Synchrograph, Fig. 
186. Using a 3 foot extension cord, place the flash bulb in front of the 
opening at one end of the Synchrograph. Arrange the camera so that 
its lens is in front of the opening at the other end of the Synchrograph. 
Place a lighted Photoflood lamp in back of the camera with the camera 
back open. Connect the extension flash lamp cord to the receptacle 
on the synchronizer battery case. With the Synchrograph loaded with 
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a sheet of 4 X 5 in., slowly rotate the drum of the Synchrograph and 
fire the synchronizer, 


having previously set the lens at maximum 


aperture and the shutter at the desired speed. Upon development of the 
Synchrograph film a record sim- 
ilar to that shown in Fig. 193 —@q SOUSA ey myo 
will be obtained if the synchro- 4x5 Super XX 


oe Photet/ash Lamp 


nizer is in proper adjustment. 
This testing procedure gives an 
exact record of the time relation 
between the peak light and the 
shutter opening. 

Reflectors.—Flash lamps are 
usually fired in a reflector which 
directs the light toward the 
subject. The light output values 
for the various Photoflash lamps 
given in Table I are for lamps 
flashed in the open without a 
reflector. 

For the larger bulb sizes (11, _ 
16A and 21) a properly de- 
signed portable hand-held reflec- 
tor will increase the light avail- 
able at the subject from 3 to 5 
times that obtained with a bare 
lamp. Greater efficiency than 
this can only be obtained by flashing the lamps in studio type reflectors 
which are sufficiently large to collect and redistribute a higher per- 
centage of the total radiation. 

With the advent of the small No. 5 Photoflash lamp it became possible 
to design hand-held reflectors which give a 50° to 60° direct beam con- 
taining 5 to 9 times as much light as that emitted through this solid 
angle by the bare lamp. Thus because of the higher reflector efficiency 
made possible by the smaller bulb size, the No. 5 lamp has about the 
same photographic effect as the larger No. 11 lamp in a reflector of 
the same diameter. Recently focusing reflectors have been introduced 
for use with the No. 5 lamp which permit special spotlight effects at 
greater distances than the larger lamps. 

The S. M. Photoflash Lamp.—In March 1941 the General Elec- 
tric Company announced a new midget type Photoflash lamp called the 


Fic. 193. Synchrograph Record of 
Properly Synchronized Shutter. 


200 oo LIGHT SOURCES 


SM (Speed Midget) which has the same size as the No. 5 lamp but 
radically different characteristics. The SM lamp contains neither foil 
nor wire filling. A heavy coating of primer carried by the filament 
and lead-in wires burns in oxygen to produce the light emitted by the 
lamp. 


No.5 
AVERAGE LIGHT OUTPUT = 2,500-3,000 16,000- 18,000 | ymMEN SECONDS 
AVERAGE PEAK LUMENS 500,000 1,200,000 
21.50 AVERAGE TIME TO PEAK 20 MILLISECONDS 
er 3 
3 G 
= 20 ; 
< Y), LIGHT DURING 1/200 sec 
$ 
= 
> 1.00 
E 
0 
74 
WwW 
= 
Zz 
0.50 
I 
9 
a 


0.25 LM 
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Fic. 194. Time-Light Curves for Nos. SM and 11 Lamps. 


2 30 35 40 
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Combustion takes place so rapidly that the light reaches peak intensity 
in but 5 milliseconds after the filament is energized, rather than the 20 
milliseconds delay required by foil and wire filled lamps. It will be 
recalled that manually set shutters such as the Supermatic and Compur 
shutters require but 5 milliseconds for the blades to reach the full open 
position. Therefore the synchronization of the SM lamps with these 
shutters may be easily obtained by firing both lamp and shutter at the 
same instant, thereby eliminating the necessity for any shutter delay 
mechanism. 

The total duration above 1% intensity of the flash from an SM 
lamp is but 3.5 milliseconds (1/200 sec.); therefore for all shutter 
speeds of 1/200 and slower the flash of the lamp will control the expo- 
sure interval. The peak intensity of this lamp is about 800,000 lumens, 
which is sufficient for satisfactory exposures on Super XX film at 
35 feet with an f/4.5 lens provided the lamp is flashed in a reflector 
having a relatively high efficiency. Fig. 194 gives a comparison be- 
tween the time-light characteristics of the SM lamp and the No. 5 lamp. 

Exposure Considerations.—To expose a photographic emulsion 
correctly by means of a synchronized Photoflash lamp source the 
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following variables must be known and properly related : 


1. Sensitivity of the film to the light emitted by the flash lamp. 

2. Total quantity of light emitted by the lamp. 

3. Efficiency of the lamp reflector. 

4. Average reflection factor of the subject. 

5. Percentage of total reflected light from the subject which is passed 
by the shutter. 

6. f{/number employed. 

7. Lamp-to-subject distance. 


It is common practice to publish exposure tables which specify the 
recommended f/number for a given lamp-to-subject distance, when 
using a particular film and lamp combination, at a given shutter speed. 
However, since exposure depends not only upon the lamp and film used, 
but also upon the reflection factor of the surroundings, these data 
should be adjusted for the actual conditions under which the pictures are 
being taken. This adjustment is more necessary when Kodachrome is 
being used, since the exposure is more critical for this film. 

If a film is to be exposed properly by the light emitted from a given 
flash lamp, the f/number and lamp-to-subject distance must be so re- 
lated that the quantity of light falling upon the emulsion surface is of 
sufficient magnitude to expose the film correctly. It is also important 
that this quantity of light be held at a constant value for all lamp-to- 
subject distances if uniform exposures are to be obtained. 

It will be recalled that the quantity of light reaching the film varies 
inversely as the square of both the f/number and lamp-to-subject dis- 
tance. This may be stated as follows: 


1 1 
B= "(gmap ae)? ~ 
where — = exposure received by the film, 

k =a constant whose value depends upon the sensitivity of 
the film, the light output of the lamp, the average re- 
flectivity of the subject, the shutter speed, and the 
efficiency of the reflector, 

d = lamp-to-subject distance. 


From Eq. 1, it will be seen that the product of the (f/no.)? and (lamp- 
to-subject distance) ? must be held constant if the exposure received 
by the film is te remain fixed, or 


(f/no.)? - d? = K. (2) 
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By extracting the square root of both sides of the above equation, we 
may write, 


flno.-d = VK =G. (3) 


The constant G is often referred to as a Guide Exposure Number. 
Both film and lamp manufacturers publish Guide Exposure Num- 
bers which are determined experimentally by taking pictures under care- 
fully controlled conditions at all shutter speeds and with each lamp and 
~~ film combination. From the proper 
Guide Exposure Number, the correct 
f/number to use at any lamp-to-subject 
distance may be found by substituting 
in Eq. 3. For example, if the Guide 
Exposure Number for a No. 16A 
Photoflash Lamp at 1/100 second with 
Kodak Super-XX Film is 220; at 10 
feet (lamp-to-subject distance) the 


proper f/number would be “= feo 
at 20 feet, the f{/number would be a 


77 blemete: 

Kodatron Speedlamp.—In August, 
1940, the Eastman Kodak Company 
announced an ultra-fast repeatable 
flash source which had been developed 
at the Massachusetts Institute of Tech- 
nology by Messrs. Edgerton, Germes- 
hausen, and Grier. This lamp, known 
as the Kodatron Speedlamp, produces 
a flash of very high actinic value and 
of extremely short duration. With 
but a single lamp, exposures can be 
a made at f/16 at 20 feet with a flash 
Fic. 195. ene Gneediamip: duration reaching peak intensity in 

1/30,000 second. 

The Kodatron Speedlamp utilizes a gas-filled, electrically operated 
flash tube which provides an extremely high volume of soft light for 
photographic purposes. The Kodatron flash is produced by discharg- 
ing a condenser through the flash tube. Ordinary 110-volt, 60-cycle 
current is led into the power unit of the lamp where a specially con- 
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structed transformer steps it up to 2000 volts. This current is then 
rectified and charges a condenser from which it is discharged through 


(a) 


(b) 
Fic. 196. Kodatron Synchro-Timer. 


the gas-filled tube. The flash is of high intensity but of short duration 
and not at all disturbing—in fact, one scarcely sees the flash. The 
Kodatron Speedlamp, Fig. 195, consists of a power unit mounted in a 
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metal stand, an 18-inch reflector, and a flash tube on a telescoping steel 
support which can be raised to a height of 8 feet. The base is fitted 
with rubber-tired ball-bearing casters. 

Since only a small fraction of a millisecond is required to complete 
the flash of the Kodatron Speedlamp it can be used effectively for stop- 
ping extremely fast motion. Pictures of ballet dancing, wrestling and 
boxing matches, and the like, result in critically sharp definition in all 
parts of the subject irrespective of the rapidity with which the action 
takes place. Speedlamp portraits possess a realism which can be 
achieved easily by posing the subject under room level illumination. 
When the desired pose is observed it is only necessary to flash the lamp 
to instantly record this pose on the film. 

Under low illumination levels pictures can be taken using the open 
flash technique of opening the shutter, flashing the lamp and then 
closing the shutter. However, where the general room illumination is 
high enough to record a secondary image on the film it is necessary to 
synchronize the flash of the Speedlamp with the shutter, and use a high 
enough shutter speed to prevent sufficient secondary image forming 
light from reaching the film. In other words, the flash from the 
Speedlamp must produce the entire image on the film if the motion 
stopping ability of the flash is to be secured. 


Oo TO SPEEDLAMP 
TRIP CIRCUIT 
MICROSWITCH 


CAMERA SHUTTER 


WiRING DIAGRAM for KopATRON SYNCHRO-TIMER 
Fie 5-34 


Fic. 197. Wiring Diagram for Kodatron Synchro-Timer. 


The flash from the Speedlamp is completed in less than one milli- 
second after the trip circuit is closed. The time to full shutter opening 
for most manually set shutters is approximately 5 milliseconds. There- 
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fore, for a device to synchronize the flash from this lamp with the action 
of the shutter it must perform the reverse function of a synchronizer 
intended for use with flash lamps; namely, it must delay the closing of 
the lamp circuit until the shutter has opened fully. The Kodatron 
Synchro-Timer, shown in Fig. 196, was designed to accomplish this. 
Fig. 197 shows the wiring diagram for this timer which consists of two 
matched solenoids connected in parallel across a suitable battery. One 
solenoid serves to trip the camera shutter while the other actuates a 
micro-switch which in turn closes the Speedlamp trip circuit. A vari- 
able inductance, wired in series with the micro-switch solenoid, delays 
its action until after the shutter solenoid has tripped the shutter. The 
length of this delay can be controlled by adjustment of the variable 
inductance so that the Speedlamp is flashed at the instant the shutter 
blades reach the full open position. 


CHAPTERSVI 
PHOTOCHEMISTRY 


Photochemistry.—The study of the chemical changes produced 
by radiation is known as photochemistry. The term radiation includes 
all forms of radiant energy as: visible light, ultra-violet, x-rays, gamma 
rays, infra-red, electric and cosmic rays. Chemical changes, or re- 
actions, are caused by molecules or atoms that have become activated. 
According to the principles of chemical kinetics, molecules, or atoms, 
are activated when they absorb energy due to collisions with other 
molecules and atoms, or when they absorb radiant energy, such as light, 
from an external source. Only the radiation having the proper fre- 
quency and energy to be absorbed can effect a chemical change. 

The types of radiation are differentiated from each other by differ- 
ences in wave length. Wave lengths are commonly expressed in milli- 
microns, mu, or Angstrom Units (A). 


1 mu = 1 millionth of 1 millimeter, 
1A = 1/10 millionth of 1 mm. 
or 
Lay = 10? om. = WO! Cony 
1A = 105° ems 
imp = 10A. 


Since the velocity of light is constant, 3 10'° cm. per second, the 
frequency of vibration can be calculated from 


Avy = ¢, 
pee 
NY 


where ¢ = velocity of light and A (lambda) = the wave length in cen- 
timeters per second, and vy (nu) is the frequency of light. 
Quanta.—While radiation is propagated in a form of wave 
motion, Planck showed, in 1901, that radiant energy is emitted, or 
absorbed discretely in small particles or units of energy called quanta. 
The quantum theory states that radiation is discontinuous and _ that 
certain restrictions apply when this energy is transferred to molecules 
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or electrons. The energy of the quantum varies with the frequency of 
the radiation : 


C= [py 


where ¢ (epsilon) is the energy of the quantum, /: is Planck’s constant 
equal to 6.547 & 10°" erg. sec., and vy (nu) is the vibration frequency. 
From this it will be seen that as the wave length of the radiation de- 
creases, the frequency becomes greater, and the energy of the quantum 
becomes larger. 


QUANTUM ENERGY FOR DIFFERENT RADIATIONS 


Radiation Wave length Frequency Quantum Energy 
era Voss ae iA 3 xX 1018 1.96 X 10-8 ergs 
Uitraviolety see. 1,000 3 >< 110 1X SCO 
Visible, violet........ 4,000 7.9 <X 10“ ALOIS 11025055 
Infra-red, short...... 10,000 Soe) SK Oe OG 10m 


Einstein has shown that light quanta not only carry energy but have 
a mass which varies in proportion to the energy, according to the 
relativity equation: ; 

hy 
= 3 
where c is the velocity of light. 

The quantum theory has been particularly successful in explaining 
the photoelectric effect, black-body radiation, x-ray emission, and the 
discontinuous series of spectra. 

The Photoelectric Effect.—In 1905 Einstein extended Planck’s 
ideas and proposed that heat and light were composed of quanta. The 
quantum of light then became a corpuscle of light, now better known as 
the photon. By the use of this assumption, instead of the classical 
wave theory Einstein was able to overcome certain difficulties in ex- 
plaining the photoelectric effect. 

Einstein predicted that when the surface of the metal is Sie to 
light, the energy of the quantum is used to expel electrons from atoms 
of the metal. The kinetic energy of the expelled electron is equal to: 


Ve mo-=-hv —-w, 


where m and v are the mass and velocity of the photo-electron, /v is the 


PLaNcK—Ann. Physik 4 (1901) 553. 


208 oe PHOTOCHEMISTRY 


energy of the quantum and w is energy required to remove the electron 
from the atom or metal surface, i.e., work function. 


6m? = hy — hy, w = hyo. 


By connecting a positive potential to the surface of the metal, 
Millikan was able, 1916, to measure the potential which is just suf- 
ficient to stop the ejection of elec- 
trons. The force of attraction is 
then equal to the kinetic energy of 
the electrons. 


Ve = Ky mv 


Or 


Lamu = Ve = hv — w. 


Fic. 198. Diagram of Photoelectric : : : 
Cell. In this formula V is the potential 


difference in electrostatic units, ¢ is 
the charge of the electron in electrostatic units (4.77 X 107°), hy is 
the energy of incident radiation and w is the energy required to bring 
. the electron to the surface of the metal. On the basis of the above 
equation, the energy and velocity of the ejected electron is proportional 
to the frequency of light. The number of photoelectrons emitted varies 
directly as the light intensity. 
Electron velocities are often expressed in terms of volts. The elec- 
tron-volt is defined as the energy of an electron that has fallen through 
a potential difference of one volt. 


ENERGY OF PHOTON 


Blectricllampee nearer ere -  electron-volts 
SLAVS nko ete eet eee tee ee DSS NO? SS il SEAN? x - 
Gammaays sere eee Deby 6 AOE ue 


Spectra.—Newton showed in 1776 that white light was a mix- 
ture of colors by passing a beam through a prism. Light of shorter 
wave lengths, as violet, was refracted more than light of the longer 
wave lengths, as red. 

In 1858 Bunsen and Kirchoff designed the first practical spectroscope. 
By use of this instrument the spectra of the various elements could 


ErnsteInN—Ann. Physik 17 (1905) 1932; 20 (1906) 199. 
Mitt1kan—Phys. Rev. 7 (1916) 362. 

Hucues—Bull. Nat. Res. Council 2, Part 2, April (1921). 
Mitr1kan—The Electron, University of Chicago Press (1924). 
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be examined. Two types of spectra were observed: line spectra and 
band spectra. Line spectra are produced by the activation of atoms 
and molecules in a vapor or gas. Gases may be activated to lumines- 
cence by means of discharge tubes. Metals are partially vaporized 
when used as electrodes for spark and arc discharges. Compounds 
can be heated in a flame or placed in cored electrodes. Band spectra 
may be considered as a series of lines very close together. 

Line spectra are of two kinds: Adsorption spectra—produced by pass- 
ing light from a continuous spectrum through a body of gas. Fre- 
quencies capable of being absorbed by the electrons in atoms will be 
observed as dark lines which are characteristic for each element. These 
lines are similar to the Fraunhofer lines in the solar spectrum. Emis- 
sion spectra are observed as bright lines when an element radiates 
light. The bright lines occupy the same positions as do the dark 
lines in the adsorption spectrum. However, emission spectra always 
contain more lines than adsorption spectra. 

Balmer Series of Hydrogen Spectra—In 1885, Balmer found 
that wave lengths for the visible spectrum of hydrogen could be ex- 
pressed by the formula: 


d = 3645 as 
where A is in Angstroms and 7 is a whole number equal to or greater 
than 3, i.e..: O 
n=3r=6560A Haline red, 
n=4i=4860A HB line blue. ie 


Soon afterward Rydberg found 
it more convenient to represent ZS “ay 
the lines of the Balmer series in (jz 
terms of frequency rather than in 
wave lengths. 


=a(h- 8) 
Ny ne 


The above formula represents the ° 
Rydberg equation in which the 

frequencies of the successive lines 

of the Balmer series are obtained when n,=—2 and n, is 3, 4, 5, 6, 
etc. FR is the Rydberg constant which has a frequency value equal to 
3.291 & 10** vibrations a second. 


gs Violet 


Fic. 199, Emission Spectrum of 
Hydrogen Balmer Series. 
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Since this equation gave large numbers, Ritz suggested the use of 
wave numbers instead of frequency. 


C 
eas 6 
r 
; 1 
therefore v is proportional to xi 
1 
tl LS = 
hen y x0 


where vt is the number of waves per second, or wave number. The 
new formula is known as the Balmer-Ritz equation and is obtained: 


1 1 
i (ieee Pe . 
yi= N & =) : 


N is a constant equivalent to the Rydberg constant since v==cv* and 
has a value equal to 109,700 cm.*'. 

Following the discovery of the Balmer series, five other series of 
hydrogen spectra have been found. The position of the various lines 
may be calculated by means of the Rydberg formula. 


Series at n2 Region 
AU yarn eer eee 1 Dir Sion wn Os ultra-violet 
IBaltiventt yea eter 2 340 visible 
Paschen . 3 ASP) infra-red 
Brackettee. ieee 4 5, 6 far infra-red 
Pincha eee wae 5 6 far infra-red 


X-ray Spectra.—Barkla, 1911," studying the scattering of x-rays, 
found that each element irradiated with x-rays emits both hard and 
soft x-rays which are characteristic of the element. The hard rays 
were designated by the letter K and the soft rays by the letter L. 
The characteristic L rays consist of lines in a second spectrum and 
have wave lengths longer than those of the K spectrum. 

Having discovered that x-rays undergo reflections at crystal sur- 
faces, W. L. and W. H. Bragg, in 1912, built the x-ray spectrometer.? 
With the aid of this instrument they were able to discover several orders 
of x-ray spectra. 


1 Barkla, Phil. Mag. 21 (1911) 648. 
2 Bragg, Phil. Mag. 24 (1912) 1024; 27 (1914) 703. 
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Mosely, in 1913, succeeded in photographing characteristic x-ray 
spectra for a number of elements. He showed that the penetration 
of x-rays generated by targets of differ- 
ent metals is a linear function of the ft 
element when arranged in the order of in- 
creasing atomic weights. As the atomic 
number increased, the series of lines con- lz 
stituting the x-ray spectrum shifted to- 
ward the shorter wave lengths. Elements 
having high atomic numbers were found 
to have two additional series. The series 
were designated by the letters K, L, M. z 

By plotting the square root of the fre- Fic. 200. 
quency, as the a line of the K series, for 
the different elements against the atomic number, Mosely obtained a 
linear function which is represented by the following equation: 


Vv = a(Z — Db). 


in which Z is the atomic number and a and J are constants.’ 

Structure of Atom.—Based on studies in radioactivity dealing 
with the deflections of Alpha particles, Rutherford, 1911,* was the first 
to suggest the nuclear theory of atomic structure. The atom, accord- 
ing to this theory, is a miniature solar system in 
which a number of positive charges (protons) 
are packed closely together in a nucleus at the 
center of an atom. Surrounding the nucleus at 
various distances are a number of negative 
charges (electrons) which are equal in number 
to the positive charge in nucleus. Thus, an 
atom of an element having the atomic number 
Z has Z electrons each carrying a negative 
charge —e, and a nuclear charge, + Ze. The 
result of the whole represents a neutral atom. 

The Bohr Atom.—By making use of Ein- 
stein’s photo-electric equation and Rutherford’s 
atom as a model, Bohr was able, in 1913,° to extend the quantum 
theory to the interpretation of spectra obtained from hydrogen. With 


v 


Fre. 201. Rutherford 
Model of Hydrogen 
Atom. 


3 Moseley, Phil. Mag. 26 (1913) 210; 27 (1914) 703. 
4 Rutherford, Phil. Mag. 21 (1911) 669. 
5 Bohr, Phil. Mag. 26 (1913) 1, 476, 857. 
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this theory he was able to derive the value of the Rydberg constant 
and the formula for the Balmer series of hydrogen. 
By rearranging the Einstein equation into the form 


gm’? +w 
Cami A ea 


and substituting frequency v for wave number, v* in the Ritz equation 
yi= A — B. 
Bohr showed that both equations could be written in the form 


_ Energy 
iva a: 


for 14 mv is kinetic energy of the electron and W is the work funcvion 
or energy required to bring the electron to the surface of a metal. 
Thus: 


SU Wa ee ( +) 
bag 8h h }’ 
where W, and W, are energies. Then: 
hv = W. — W,. 


According to Bohr’s theory, the electrons of an atom may exist in 
different energy levels—E,, E,:++E,, without emitting or. absorbing 
energy, but when an electron jumps from one level to another, FE, to E,, 
a quantum is absorbed or emitted and the energy of the atom changes 
from W, to W,. 


hy = W. — W, 


or 
hv SS Ey ret ine 


Bohr assumed that the electron can revolve about the nucleus in any one 
of a set of particular orbits without radiating energy. Bohr further 
assumed that for an atom to be in a state of equilibrium, the centrifugal 
force must be equal to the force of electrostatic attraction between the 
nucleus and the electron, 


my Ze 
r r 


and that the angular momentum of the electron in each orbit is a 
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some distance; an etched parabola for use at shorter distances, and two 
others spreading the light over angles of 45° and 60° respectively. 
The reflectors are supported on light weight folding stands, or sus- 
pended from the wall and nest together for convenience in carrying. 


Fic. 180. Portable Lighting Equipment for Incandescent Lamps. 
(Johnson Ventlite Company.) 


_ Arc Lighting Equipment.—A typical floodlighting unit employ- 
ing a twin arc is shown in Fig. 181. The twin arc is generally. pre- 
ferred over the single since, with practically the same current consump- 
tion, the light intensity is nearly twice as great. An electrical relay 
mechanism controls the positions of the carbons so that the lamp re- 
quires no attention except when it is necessary to change the carbons. 
Automatic operation also results in a light source, which is more nearly 
constant in’intensity. For floodlighting, the arcs are invariably en- 
closed in a box-like cabinet and in some cases, deflectors are provided 
to cover the arc so that only the light reflected from the sides of the 
cabinet is used. 
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The arc, being essentially a point source of light, is well adapted to 
spotlighting requirements. Spotlights employing an are source do not, 
in general, differ essentially in design from those already described. 


Fic. 181. Typical Arc Lamp for 
Portrait and Commercial Photog- 
raphy. (Photogenic Machine Com- 
pany. ) 


Equipment for Fluorescent 
Lamps.—Fluorescent lamps, being 
an extended, highly diffuse source of 
light, have been used chiefly, up 
to the present time, in portraiture. 
A typical unit (Fig. 182) consists 
of a number of lamps, each with 
a trough-like reflector in a frame 
mounted on a stand, which enables 
the lighting unit to be raised or 
lowered as required. Similar light- 
ing units are available for per- 
manent installation on the studio 
walls, and small units with collap- 
sible stands are available for home 
portrait work. 

Care of Lighting Equipment.— 
Lamps or reflectors should be kept 
clean. Even in a comparatively 
clean district there is enough dust, 
smoke and soot in the air to justify 
regular cleaning of the lighting 
equipment once a month. In the 
downtown sections of a busy indus- 
trial city, or in close proximity to 
smoke and dust producing plants, 
more frequent attention is required. 
Clean lamps and reflectors with 
soap and water or a soft cleaning 


powder. Light diffusing materials, such as tracing cloth, china silk, 
and buckram, should be renewed every six months. 

To obtain maximum efficiency from the light, the walls of the studio 
should be painted white, light ivory, or light gray. If the walls are 
dark, little light is reflected and practically all of the illumination comes 
directly from the lighting units; if the walls and ceiling are light, the 
light reflected provides illumination for the shadows and reduces the 


exposure, 
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Incandescent lamps should be burned at their stated voltage. If 
the voltage is too high, the lamps burn brightly but their life is unduly 
shortened. If the voltage is too low, the light output is greatly reduced 


Fic. 182. Lighting Unit Employing Fluorescent Lamps. 
(Johnson Ventlite Company.) 


and the actinic intensity of the light is reduced even more. Therefore, 
it pays to make certain that the rated voltage of the lamp corresponds 
with the actual voltage at which they are used. 

It is distinct economy to use, in each lighting unit, only the particu- 
lar size and type of lamp for which the unit is designed. This is 
especially important in the case of spotlights and focusing reflector 
floodlights, both of which ‘depend for efficient illumination upon the 
light source being in the proper position with respect to the optical 
system. 

All electrical wiring, cords, switches, connections, etc. should be 
checked periodically and repaired or replaced at first sign of disorder 
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to prevent possible damage to equipment, injury to operators, or fire 
danger. 

Reflecting and Diffusing Mediums.—Reflectors increase the ef- 
fective candle power of a light source by directing it towards the area 
to be illuminated. The reflector should, so far as possible, confine the 
light to the area to be illuminated; reflectors which spread the light 
over a larger area are wasteful of light. Specular surfaces form the 
most efficient reflectors, but are more costly to produce, and the surface 
is not as permanent or as resistant to wear. In addition, difficulty is 
frequently experienced in obtaining uniform illumination, owing to the 
imaging of the light source. Matt or semi-matt surfaces, which reflect 
diffused light, are preferable for most purposes. 

The efficiency of a number of the materials used in the construction 
of reflectors for photographic lighting equipment is shown in the fol- 
lowing table: ® 


Character of Per Cent 


Surface Reflected Light Reflectance 

Silver plate Specular 85-90 
Glass mirror Specular 80-90 
Aluminum foil Specular 85 

Aluminum, Alzak Specular 75-85 
Aluminum, polished Diffuse 70-80 
Aluminum, oxidized Specular 60-70 
Aluminum, etched Diffuse 70-85 
Chromium Specular 60-65 
Chromium, satin Diffuse 50-55 
Stainless steel © Specular 55-65 
Stainless steel, satin Diffuse 50-55 
Porcelain enamel, white Diffuse 60-80 


The effect of the reflecting surface on the spectral energy distribu- 
tion of the reflected light is manifestly of importance in color photog- 
raphy, but no data appears to be available on this point. 

Light Diffusing Materials—Light diffusing material should 
diffuse or spread the light with as little absorption as possible. In the 
ideal case, the entire surface of the diffusing material should be uni- 
formly illuminated and should appear equally bright when viewed from 
various directions. Such uniformity is extremely difficult of attain- 
ment, but the translucent materials at present available, when used in 
conjunction with properly designed reflecting equipment or several 


8 Compiled from data supplied by Nela Park Engineering Department, General 
Electric Company. 
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lamps correctly spaced, give a sufficient uniformity to meet photographic 
lighting requirements. Data on the more common types of translucent 
materials are given in the following table: 


Per Cent Light Diffusing 
Materials Transmitted Properties 
iiracinc= Clothmrr an oem ery 00 =70 Good 
hing Silke eee are ee kee ge ee els 60-70 Fair 
Acid-Etched or Ground Glass........ 85-90 Good 
EnamelsCoatediGlassa sae 20-30 Excellent 
RippledeGlassaqesssseh enc a 80-90 Fair 


Flash Lamps.—In the latter part of 1930 the General Electric 
Company announced the first Photoflash lamp to appear on the Ameri- 
can market. This lamp contained about 65 mg. of thin aluminum foil 
which was ignited by passing an electric current through a filament 
covered with a chemical primer. The bulb was filled with oxygen to a 
pressure of 170 mm. of mercury. This lamp gave a flash of relatively 
short duration (about 1/50 sec.) and of sufficient intensity to properly 
expose a subject under average indoor conditions. 

Immediate acceptance of this lamp was inevitable since it abolished 
the fire hazard ever present with the open firing of magnesium powder 
and introduced a controlled light source thereby eliminating one of the 
variables of indoor picture taking. Amateurs used the lamp by the so- 
called “ open flash” technique; i.e., they opened the shutter on “ time,” 
flashed the lamp to make the exposure, then closed the shutter. By 
this method satisfactory pictures could be taken of stationary or slow 
moving subjects simply by allowing the duration of flash of the lamp 
to control the exposure interval. In the early thirties many devices, 
known as synchronizers or flash guns, were introduced to synchronize 
the opening of between-the-lens shutters with the peak intensity of the 
flash in an effort to make possible flash photography at the higher 
shutter speeds. At the same time the lamp manufacturers attempted 
to standardize the time characteristics of their flash lamps so that the 
light emitted would reach maximum brilliance in 20 milliseconds ° after 
the primer filament had been energized. 

The duration above half peak intensity for the early foil-filled lamps 
was approximately 1/120 sec. This short duration made it rather dif- 
ficult to synchronize the camera shutter at the higher shutter speeds, 
so that it would be open during this relatively short interval. To 
overcome this condition, the foil filling was replaced with a wire filling 


9A millisecond is 1/1000 sec. ; therefore 20 m.s. = 1/50 sec. 
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which burned at peak brilliance for a longer interval, thereby producing 
a lamp with a duration above half peak intensity of about 1/60 sec. 
Both leaf foil, shredded foil and wire-filled lamps are available today. 
The foil-filled lamp usually reaches a higher peak intensity than a 
wire-filled lamp of corresponding bulb size, while the wire-filled lamp 
gives a flash of somewhat lower peak intensity but of longer duration. 
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Fic. 183. Time-Light Curve of Nos. 16 A and 21 Flash Lamps. 
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Fig. 183 gives comparative time-light curves for the No. 16A 
Photoflash lamp, which is wire filled,’° and the No. 21 lamp which 
is foil-filled. The following characteristics should be noted: 


Lamp No. 16A No. 21 
Filling Shredded foil Leaf foil 
Peak Intensity, lumens 2,600,000 4,500,000 
Duration of Flash above half 

peak intensity, m.s. 9 14 
Time to Peak Intensity 20 20 


A third type of flash lamp is available which permits synchronization 
with focal plane shutters. This is a wire filled lamp having a still 
lower peak intensity but with a very prolonged flash. Fig. 184 shows 
the time-light trace for the No. 6 and No. 31 focal-plane lamps. This 


10 The wire filling in Mazda Photoflash lamps is referred to as shredded foil 
since the filling is made by shredding foil into thin wire-like strips. 
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long flash is needed so that light of constant intensity will be incident 
upon the subject throughout interval required for the focal-plane 
shutter slit to traverse the film. The No. 6 lamp is intended for use 
only with focal-plane cameras of the miniature type. 


Million Lumens. 


LIGHT INTENSITY, 
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Fic. 184, Time-Light Curves for the Nos. 6 and 31 Flash Lamps for 
Synchronization with Focal Plane Shutters. 


Flash Lamp Characteristics —The*following characteristics of 
a flash lamp should be known to describe fully its photographic useful- 
ness as a light source: 


1. Spectral quality of the radiation. 

2. Total quantity of light emitted, lumen-seconds. 

3. Maximum intensity of the radiation, /umens. 

4. Time from application of the filament current to the start of the 
flash, m.s. 

5. Time from application of the filament current to the peak intensity 
of the flash, sec. 

6. Total duration of the flash above a specified minimum intensity, 
Sec. 


The time characteristics (Items 4, 5, and 6 above) can be readily 
determined by passing light from the lamp through a slit onto a sheet 
of film which is moved past a slit with a known velocity. A study of 
the variation in density of the resulting photographic trace gives a 
measure of. the “ photographic effectiveness” of the radiation directly 
as a function of time. <A spark discharge flashed through the slit at 
the instant the filament circuit is closed records the zero point from 
which to make time measurements. Fig. 185 shows a density-time trace 
for a No. 5 Photoflash lamp which was obtained by exposing a 4 « 5 
inch sheet of film in the G. E. Synchrograph shown in Fig. 186. This 
instrument consists of a rotatable drum in which is cut a longitudinal 
slit. Surrounding the drum is a light tight chamber which holds the 
film in a cylindrical shape of slightly greater radius than that of the 
drum. Light from the flash lamp enters the hole at one end of the 
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synchrograph where it is spread by a conical mirror into a disc of 


light orthogonal to the axis of the drum. 


G.£. Synchrograph 
4x5 Super XX 
eS photof lash Lamp 


— 2OomS, peak 


cits Sperk 


os 


Ite. 185. 
5 Lamp. 


Synchrograph Trace of No. 


By rotating the drum at a 
known r.p.m., light from the 
lamp passes through the slit onto 
the film to expose the density 
trace of the lamp. Light from a 
momentary spark discharge which 
is flashed simultaneously with the 
closing of the lamp filament cir- 
cuit enters the other end of the 
synchrograph, is deflected by a 
second conical mirror, and passes 
through the drum slit to estab- 
lish the zero reference line shown 
in Fig. 185. 

Intensity measurements for 
flash lamps can easily be obtained 
by allowing the light from the 
lamp to fall upon the surface of 
a photo tube which is connected 
through a suitable amplifier to a 
string oscillograph. Time-light 
curves obtained in this manner 
are shown in Fig. 187. The 
wavy character of the time-light 


curves is caused by superimposition of the trace of a 1000-cycle tuning 


fork onto the time-light curves. 


CAMERA LENS LOCATED AS. 
NEAR HOLE IN SYNCHROGRAPH CONN 


AS POSSIBLE 


APOIO DLAMP NOI. 
\MERA.C 


This procedure gives*a convenient 


patie PHOTOFLASH Lave 
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IN SYNCHRONIZER BATTERY 
CASE 7 


Fic. 186. General Electric Synchrograph. 
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method of measuring time along: the curve, since the time between 
each peak of the tuning fork disturbance is exactly one millisecond. 
Curve 5 (Fig. 187) is for a No. 11 lamp operated with two 114 volt 
D cells having a short circuit current of 5 amps. It will be noted 


Fic. 187. Oscillograph Tracings of a No. 11 Flash Lamp. 


that under these conditions the lamp reaches peak intensity in 20 
milliseconds after the current is applied. Curves 4 and 3 are for No. 
11 lamps when fired with two 11% volt D cells with short circuit cur- 
rents of 4. and 3 amps respectively. It is apparent that the weaker bat- 
teries slow down the lamp materially. For these tests the lamps were 
flashed in a Kodak Senior Synchronizer (see Page 196) which has an 
electromagnet of 2.4 ohms resistance connected in parallel with the 
lamp. The ordinate values for these time-light curves are found by 
calibrating the oscillographic equipment against a standard incandescent 
lamp of known brightness and color temperature. 

Curves 5’, 4’, and 3’ in Fig. 187 show the current through the lamp 
filament and ‘the time to filament burn out for each case. It will be 
observed that the filament current rises sharply at the instant the 
circuit is closed but drops to a steady value within one to two milli- 
seconds. The sharp break in the current trace at point A shows where 
the filament burned out. It is apparent that the time to filament burn- 
out is greatly prolonged by using weak batteries. 

Spectral Distribution of Flash Light.—The spectral character 
of a light source having a continuous spectrum may be specified con- 
veniently by giving the color temperature of the source. The color 
temperature is defined as the temperature to which a black body must — 
be raised so that the light it emits has the same integral color as that 
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of the source being considered. Thus, for example, if a flash lamp has 
a color temperature of 3600° K, it means that the light from the lamp 
has the same integral color as that from a black body operated at a 
temperature of 3600° K. The color temperature of a flash lamp is 
usually specified for only that light having an intensity above a half 
million lumens to avoid the light emitted at the beginning and end of 
the flash where the temperature of the aluminum filling is rising or 
falling. 

The table on Page 190 gives the operating characteristics of G. EF. 
Photoflash Lamps, including the color temperature for each lamp. It 
will be noted that all of these lamps operate at a color temperature lying 
between 3450° K. and 3800° K. except the No. 5B and No. 21B 
lamps which are specially coated with a blue lacquer to raise the color 
temperature to 6300° K. so that it will be a suitable source for use 
with Kodachrome film balanced for daylight use. 

Since both orthochromatic and panchromatic emulsions can be ex- 
posed by either daylight (5400° K. upwards) Photoflood light (3400° 
K.), or regular tungsten lamps (2850° K.), it is apparent that these 
emulsions can be exposed properly with any Photoflash source which 
has a color temperature lying between these limits. 

The following table will be found helpful in selecting the proper 
filter to use when exposing Kodachrome Films by Photoflash light : 


Kodachrome Professional Kodachrome 
Type A Type B 
Leaf Foil Filled Lamps CC-13 CC-15 
Wire or Shredded Foil Filled Lamps  CC-15 2A 


The Photoflash lamps listed in this table (except the No. 5B and No. 
21B) can be used in this manner with Kodachrome Films balanced for 
tungsten illumination. 

Kodachrome film (daylight type) requires a much bluer light than 
that emitted by regular flash lamps since this film is balanced to give 
proper color rendition by daylight (5400° K.). The No. 21B and No. 
5B lamps are coated with a blue lacquer which was developed by the 
Kodak Research Laboratory and has such a transmission that the light 
from the bulb is of the proper color temperature to supplement day- 
light in taking pictures with Kodachrome film balanced for daylight. 
Fig. 188 compares the spectral transmission of the blue lacquer with 
that of an ideal filter that would transform light from a No. 21 or 5 
lamp to a color temperature of 6500° K., which is within the range of 
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color temperature of the light for which this type of Kodachrome 
film is balanced. 


PERCENT TRANSMISSION 


400 500 600 700 
WAVELENGTH. = (mu) 


Fic. 188. Spectral Transmission of Lacquer Used on Nos. 5B and 21B Lamps. 


Synchronization. Manually set camera shutters, such as the 
Supermatic, Kodamatic, Diomatic and Compur, require about 5 milli- 
seconds for the shutter blades to reach the full open position; i.e., 
5 milliseconds elapses between the instant when the shutter is tripped 
and the shutter blades open fully. The duration of the interval during 
which the shutter remains open depends upon the shutter speed. The 
following table gives average values for the duration of full shutter 


or . Total Elapsed Time be- 
Shutter Speed Tae RL Hab Coonee NRE Tripp ing Shutter 
Full Opening, m.s. M.S. oid peach Blades, 
1/400 5 2.5 8.5 
1/200 5 5 11 
1/100 5 10 16 
1/50 5 20 26 


opening for several shutter speeds. Fig. 189 shows a graphical record 
of these shutter characteristics together with a trace of the time- 
intensity curve of a typical flash lamp which was energized at the 
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same instant that the shutter was tripped. From this record it may be 
seen that no light from the lamp passed the shutter at either the 1/400 
or 1/200 speeds, and that an insufficient percent of the total light reached 
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RELATIVE SHUTTER OPENING, PERCENT 
LIGHT INTENSITY 


INERTIA mh TIME, m. 8. 
OF SHUTTER MECHANISM 


INTERVAL REQUIRED = 
FOR LAMP FILAMENT AND PRIMER 
TO IGNITE FOIL OR WIRE FILLING 


Fic. 189. Shutter and Lamp Curves Showing Timing when Lamp is Flashed at 
Instant of Tripping Shutter. 


the film at the 1/100 speed. Hence we may conclude that simultaneous 
flashing of the lamp and tripping the shutter would give satisfactory 
results only for those shutter speeds slower than 1/100 second. 

To overcome this difficulty various synchronizing devices have been 
made which delay tripping the shutter until 12 to 15 milliseconds after 
the lamp circuit is closed. In this manner the shutter action is retarded 
sufficiently to allow the lamp to almost reach peak intensity before the 
shutter blades reach the full open position. A graphical representation 
of a.properly synchronized shutter is shown in Fig. 190. It will be 
seen that, when the shutter action is sufficiently retarded it is possi- 
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ble to take pictures at any desired shutter speed since ample light is 
passed by the shutter at all speeds. 

Self acting shutters, such as the Kodex and Dakon, require about 13 
to 15 milliseconds to reach the full open position. For this reason, a 
delay type synchronizer mechanism is not required for these shutters 


SHUTTER BLADES REACH 

FULL OPENING FOR ALL 

AT. 11400 SPEED, SHUTTER 
BLADES START TO CLOSE. 
AT 1/200 SPEED. SHUTTER 
BLADES START TO CLOSE. 
AT 11100 SPEED. SHUTTER 
BLADES START TO CLOSE 
AT 1150 SPEED. SHUTTER 

‘BLADES START T0) CLOSE. 


SHUTTER SPEEDS 
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DELAY CoA TIME, ™. s. 
BY SYNCHRONIZER OF SHUTTER MECHANISM 
INTERVAL REQUIRED 


_FOR LAMP FILAMENT AND PRIMER 
‘TO IGNITE FOIL OR WIRE FILLING 


L 
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Fic. 190. Shutter and Lamp Curves for Properly Synchronized Shutter. 


since flashing the lamp at the instant the shutter is tripped results in the 
shutter blades being fully open during the peak intensity of the lamp. 
Self acting shutters in general do not have shutter speeds greater than 
1/100 sec. ; therefore the blades remain fully open for a sufficient dura- 
tion to pass ample light from the flash to the film. 

Synchronizers.—Devices for synchronizing the shutter action 
with the flash of the lamp may be divided into two types: (1) me- 
chanical synchronizers and (2) electromagnetic synchronizers. 

The Kalart Micromatic Speed Flash, shown in Fig. 191, is representa- 
tive of one of the better mechanical synchronizers in popular use today. 
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The synchronizing device, which attaches directly to the camera shutter, 
is electrically connected to a suitable battery case which accepts the 
flash lamp and holds a reflector to direct light from the lamp toward the 
subject. In operation, a disc within the synchronizer housing is manu- 


Fic. 191. Kalart Micromatic Speed Flash Synchronizer. 


ally rotated against the action of a helical spring until a small pawl 
engages the disc, holding it in the “cocked” position. When pressure 
is applied to the cable release, the pawl is depressed and a flat silver 
spring makes contact against a screw which is connected to one of the 
lead-in wires to the battery case. The helical driving spring is always 
in contact with the wall of the synchronizer housing to which the other 
lead-in wire is grounded. Thus, when the cable release is pressed, the 
action of the pawl causes the electrical circuit to be completed thus 
firing the lamp. 

The disc then starts in motion, actuated by the tension of the 
helical spring. After about 12 to 15 milliseconds of rotation, the disc 
reaches a position where it allows a small spring-driven plunger to 
enter the shutter with just sufficient force to trip the shutter. From 
this explanation it is seen that the electrical circuit is closed when the 
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pawl is pressed. by the cable release sufficiently to free the spring driven 
disc which, 12 to 15 milliseconds later, releases the plunger to trip the 
shutter. 

With mechanical synchronizers the electrical energy supplied by the 
battery is used only to raise the filament of the flash bulb to incandes- 
cence. The circuit is automati- 
cally broken when filament burn- 
out occurs. Because of this, each 
flash lamp fired drains but a negli- 
gible amount of energy from the 
batteries, and consequently long 
battery life results. Considerable 
care must be exercised in the 
design and manufacture of the 
moving contacts employed in me- 
chanical synchronizers, since high 
contact resistance or vibratory 
erratic contact will seriously delay 
the time to peak intensity of the 
lamp. Some mechanical synchro- 
nizers are so made that the tripper 
mechanism is influenced by the 
rapidity with which the operator 

Fic. 192. Cutlaway-Model of Ko- Presses the cable release. Devices 
dak Senior Synchronizer, Speedgun of this nature cannot be free 
Model E. from the subjective effect of the 

operator, and therefore are not as 
reliable as a device which completes its cycle of operations in a pre- 
determined manner. 

Fig. 192 shows a cut-away view of the Kodak Senior Synchronizer, 
Speedgun Model E. This is a typical electromagnetic synchronizer 
which operates the camera shutter through a cable release. In opera- 
tion a spring loaded plunger is manually moved to the “ cocked” posi- 
tion (as shown in Fig. 192) where it is held by a small pawl. When 
the synchronizer switch is pressed both the lamp and electromagnet 
circuits, which are connected in parallel, are closed simultaneously. 
The air gap in the magnetic circuit of the solenoid is adjusted to allow 
about 12 milliseconds to elapse before sufficient flux density is built 


Morcan—Synchroflash Photography. Morgan & Lester, Publishers, New 
York. 
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up to withdraw the pawl and thereby release the plunger. When the 
plunger is released it travels upward under the action of the spring 
striking the end of the cable release which in turn trips the shutter. 

By proper coil design, ie., correct balance of resistance, ampere- 
turns, and magnetic reluctance, it is possible to have both the lamp and 
shutter remain in matched synchronization throughout a wide range of 
battery amperage. The curves shown in Fig. 190, Page 194, illustrate 
this condition for new batteries having a short circuit current of 5 
amperes to practically exhausted batteries having a short circuit current 
of but 3 amperes. These curves show that while the lag of the lamp is 
increased as the batteries age, the action of the coil is slowed up so that 
the shutter opening is also delayed by a corresponding amount. 

If the coil of a magnetic synchronizer has a resistance much below 2 
ohms it will drain too much current from the batteries and conse- 
quently slow down the flashing of the lamp. Electromagnetic syn- 
chronizers of this type are very sensitive to changes in battery amperage 
and are quickly thrown into malsynchronization as the batteries age. 

Multiple Flash.—F requently photographers wish to synchronize 
more than one flash bulb with the camera shutter in order to obtain 
better subject modeling than is possible with a single light source. 
These extension flash lamp sources are wired in parallel to the lamp 
socket on the synchronizer battery case. The added resistance of this 
wiring and the resistance of the contacts should not be greater than 0.5 
ohms; otherwise the time lag of the lamps will be increased more than 
is allowable for synchronization. The effect of circuit resistance upon 
the timing of the lamps is shown in the table below. 


EFFECT OF RESISTANCE ON TIMING OF PHOTOFLASH LAMPS FLASHED ON 3 VOLTS 
(fwo TYPE D DRY CELLS) 


: Time from Contact to Peak Intensity, m.s. 
Length of No. 18 Stranded 


Wire Two Conductor : 


dan p Core No, 21 Lamp No. 16A Lamp No. 5 Lamp 
0 20 20 20 
25 ft. Dp) . 21 22 
50 ft. 35 22 158 


Battery Resistance.—Since the internal resistance of the bat- 
teries is in series with the flash lamp at firing it is important to use 
batteries which have a fairly low and stable internal resistance. The 
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small penlite cells have an internal resistance two to three times as 
great as that of D cells. Since the internal resistance of all batteries 
increases with age it is good practice to replace batteries every month, 
especially the smaller. The table below gives a comparison of the time 
to peak intensity of lamps flashed on penlite and type D cells for various 
voltages. It will be observed that satisfactory performance is obtained 
with little change in peak lag for voltages between 3 and 18 volts. 


EFFECT OF VOLTAGE ON TIMING OF PHOTOFLASH LAMPS 


Zz 


Time (m.s.) from Contact to Peak Intensity 
Voltage Cell Type 
No. 21 Lamp No. 16A Lamp 

5 Penlite = 25 
1.5 Type D 35 om) 
3.0 Penlite 23 : 23 
3.0 Type D 20 20 
4.5 Type D 19 19 
9.0 Type D 19 19 
18.0 Type D 18 19 
110.0 INCE 15 — 


Testing Accuracy of Synchronization.—The synchronizer should 
be tested from time to time for accuracy of synchronization. This 
can be done visually with sufficient precision by the following method: 
Secure a three-foot extension lamp cord having a bulb socket at one 
end and a male plug at the other. Screw a flash bulb into the socket 
and insert the plug into the bulb receptacle on the synchronizer battery 
case. Place the bulb behind the camera with the camera back open, 
having no film in the camera. Set the lens at maximum aperture and 
the shutter at the desired shutter speed. With the synchronizer and 
shutter cocked, fire the synchronizer at the same time looking directly 
into the lens. A brilliant flash of light will be seen through the shutter 
if the unit is synchronized properly. 

More accurate tests can be made with the G. E. Synchrograph, Fig. 
186. Using a 3 foot extension cord, place the flash bulb in front of the 
opening at one end of the Synchrograph. Arrange the camera so that 
its lens is in front of the opening at the other end of the Synchrograph. 
Place a lighted Photoflood lamp in back of the camera with the camera 
back open. Connect the extension flash lamp cord to the receptacle 
on the synchronizer battery case. With the Synchrograph loaded with 
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a sheet of 4 X 5 in., slowly rotate the drum of the Synchrograph and 
fire the synchronizer, 


having previously set the lens at maximum 


aperture and the shutter at the desired speed. Upon development of the 
Synchrograph film a record sim- 
ilar to that shown in Fig. 193 GE, Synchregraph 
will be obtained if the synchro- 4x5 Super XX 


so 8 Photot/ash Lamp 


nizer is in proper adjustment. 
This testing procedure gives an 
exact record of the time relation 
between the peak light and the 
shutter opening. 
Reflectors.—Flash lamps are 
usually fired in a reflector which 
directs the light toward the 
subject. The light output values 


for the various Photoflash lamps <20m.S. peak 

given in Table I are for lamps sas Acé oie 
flashed in the open without a Be Shatter 
reflector. 


Ofening 
For the larger bulb sizes (11, 


16A and 21) a properly de- 
signed portable hand-held reflec- 
tor will increase the light avail- 
able at the subject from 3 to 5 
times that obtained with a bare 
lamp. Greater efficiency than 
this can only be obtained by flashing the lamps in studio type reflectors 
which are sufficiently large to collect and redistribute a higher per- 
centage of the total radiation. 

With the advent of the small No. 5 Photoflash lamp it became possible 
to design hand-held reflectors which give a 50° to 60° direct beam con- 
taining 5 to 9 times as much light as that emitted through this solid 
angle by the bare lamp. Thus because of the higher reflector efficiency 
made possible by the smaller bulb size, the No. 5 lamp has about the 
same photographic effect as the larger No. 11 lamp in a reflector of 
the same diameter. Recently focusing reflectors have been introduced 
for use with the No. 5 lamp which permit special spotlight effects at 
greater distances than the larger lamps. 

The S. M. Photoflash Lamp.—In March 1941 the General Elec- 
tric Company announced a new midget type Photoflash lamp called the 


Fie. 193. Synchrograph Record of 
Properly Synchronized Shutter. 
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SM (Speed Midget) which has the same size as the No. 5 lamp but 
radically different characteristics. The SM lamp contains neither foil 
nor wire filling. A heavy coating of primer carried by the filament 
and lead-in wires burns in oxygen to produce the light emitted by the 
lamp. 


SM NO.5 


AVERAGE LIGHT OUTPUT 2,500-3,000 16,000- 18,000 | WMEN SECONDS 
AVERAGE PEAK LUMENS 500,000 1,200,000 
2150 AVERAGE TIME TO PEAK Ss | 20 MILLISECONDS 
E Y) =LIGHT DURING 1/200 sec. Nets 
j Clea 
~ 1.00 a7 » | “a ee 
g A L 
0.50 yy . 
| Be fl 
| Mul >< | |Win |_| aes 
fo) 5 10 25 30 35 40 
Rie M. Ss. 


Fic. 194, Time-Light Curves for Nos. SM and 11 Lamps. 


Combustion takes place so rapidly that the light reaches peak intensity 
in but 5 milliseconds after the filament is energized, rather than the 20 
milliseconds delay required by foil and wire filled lamps. It will be 
recalled that manually set shutters such as the Supermatic and Compur 
shutters require but 5 milliseconds for the blades to reach the full open 
position. Therefore the synchronization of the SM lamps with these 
shutters may be easily obtained by firing both lamp and shutter at the 
same instant, thereby eliminating the necessity for any shutter delay 
mechanism. 

The total duration above % intensity of the flash from an SM 
lamp is but 3.5 milliseconds (1/200 sec.) ; therefore for all shutter 
speeds of 1/200 and slower the flash of the lamp will control the expo- 
sure interval. The peak intensity of this lamp is about 800,000 lumens, 
which is sufficient for satisfactory exposures on Super XX film at 
35 feet with an f/4.5 lens provided the lamp is flashed in a reflector 
having a relatively high efficiency. Fig. 194 gives a comparison be- 
tween the time-light characteristics of the SM lamp and the No. 5 lamp. 

Exposure Considerations.—To expose a photographic emulsion 
correctly by means of a synchronized Photoflash lamp source the 
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following variables must be known and properly related: 


1. Sensitivity of the film to the light emitted by the flash lamp. 

2. Total quantity of light emitted by the lamp. 

3. Efficiency of the lamp reflector. 

4, Average reflection factor of the subject. 

5. Percentage of total reflected light from the subject which is passed 
by the shutter. 

6. f/number employed. 

7. Lamp-to-subject distance. 


It is common practice to publish exposure tables which specify the 
recommended f/number for a given lamp-to-subject distance, when 
using a particular film and lamp combination, at a given shutter speed. 
However, since exposure depends not only upon the lamp and film used, 
but also upon the reflection factor of the surroundings, these data 
should be adjusted for the actual conditions under which the pictures are 
being taken. This adjustment is more necessary when Kodachrome is 
being used, since the exposure is more critical for this film. 

If a film is to be exposed properly by the light emitted from a given 
flash lamp, the f/number and lamp-to-subject distance must be so re- 
lated that the quantity of light falling upon the emulsion surface is of 
sufficient magnitude to expose the film correctly. It is also important 
that this quantity of light be held at a constant value for all lamp-to- 
subject distances if uniform exposures are to be obtained. 

It will be recalled that the quantity of light reaching the film varies 
inversely as the square of both the f/number and lamp-to-subject dis- 
tance. This may be stated as follows: 


1 1 
where £ = exposure received by the film, 

k = a constant whose value depends upon the sensitivity of 
the film, the light output of the lamp, the average re- 
flectivity of the subject, the shutter speed, and the 
efficiency of the reflector, 

d = lamp-to-subject distance. 

From Eq. 1, it will be seen that the product of the (f/no.)? and (lamp- 
to-subject distance) ? must be held constant if the exposure received 
by the film is to remain fixed, or 


(fjno.)? - @ = K, (2) 
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By extracting the square root of both sides of the above equation, we 
may write, 


fino.-d=~VK =G. (3) 


The constant G is often referred to as a Guide Exposure Number. 
Both film and lamp manufacturers publish Guide Exposure Num- 
bers which are determined experimentally by taking pictures under care- 
fully contr sls conditions at all shutter speeds and with each lamp and 
~ film combination. From the proper 
Guide Exposure Number, the correct 
f/number to use at any lamp-to-subject 
distance may be found by substituting 
in Eq. 3. -For example, if the Guide 
Exposure Number for a No. 16A 
Photoflash Lamp at 1/100 second with 
Kodak Super-XX Film is 220; at 10 
feet (lamp-to-subject distance) the 


proper f/number would be a= 7 aa 


at 20 feet, the f/number would be = 
==) Mile Gites 

Kodatron Speedlamp.—In August, 
1940, the Eastman Kodak Company 
announced an ultra-fast repeatable 
flash source which had been developed 
at the Massachusetts Institute of Tech- 
nology by Messrs. Edgerton, Germes- 
hausen, and Grier. This lamp, known 
as the Kodatron Speedlamp, produces 
a flash of very high actinic value and 
of extremely short duration. With 
but a single lamp, exposures can be 
made at f/16 at 20 feet with a flash 
ie 105 meodatrone Specdiamp: duration reaching peak intensity in 

1/30,000 second. 

The Kodatron Speedlamp utilizes a gas-filled, electrically operated 
flash tube which provides an extremely high volume of soft light for 
photographic purposes. The Kodatron flash is produced by discharg- 
ing a condenser through the flash tube. Ordinary 110-volt, 60-cycle 
current is led into the power unit of the lamp where a specially con- 
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structed transformer steps it up to 2000 volts. This current is then 
rectified and charges a condenser from which it is discharged through 


(a) 


(b) 
Fie. 196. Kodatron Synchro-Timer. 


the gas-filled tube. The flash is of high intensity but of short duration 
and not at all disturbing—in fact, one scarcely sees the flash. The 
Kodatron Speedlamp, Fig. 195, consists of a power unit mounted in a 
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metal stand, an 18-inch reflector, and a flash tube on a telescoping steel 
support which can be raised to a height of 8 feet. The base is fitted 
with rubber-tired ball-bearing casters. 

Since only a small fraction of a millisecond is required to complete 
the flash of the Kodatron Speedlamp it can be used effectively for stop- 
ping extremely fast motion. Pictures of ballet dancing, wrestling and 
boxing matches, and the like, result in critically sharp definition in all 
parts of the subject irrespective of the rapidity with which the action 
takes place. Speedlamp portraits possess a realism which can be 
achieved easily by posing the subject under room level illumination. 
When the desired pose is observed it is only necessary to flash the lamp 
to instantly record this pose on the film. 

Under low illumination levels pictures can be taken using the open 
flash technique of opening the shutter, flashing the lamp and then 
closing the shutter. However, where the general room illumination is 
high enough to record a secondary image on the film it is necessary to 
synchronize the flash of the Speedlamp with the shutter, and use a high 
enough shutter speed to prevent sufficient secondary image forming 
light from reaching the film. In other words, the flash from the 
Speedlamp must produce the entire image on the film if the motion 
stopping ability of the flash is to be secured. 


Oo TO SPEEDLAMP 
TRIP CIRCUIT 
MICROSWITCH 


CAMERA SHUTTER 


WiRING DiAGRAmM for KoDATRON SYNCHRO-TIMER 
Fie 3-34 


Fic. 197. Wiring Diagram for Kodatron Synchro-Timer. 


The flash from the Speedlamp is completed in less than one milli- 
second after the trip circuit is closed. The time to full shutter opening 
for most manually set shutters is approximately 5 milliseconds. There- 
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fore, for a device to synchronize the flash from this lamp with the action 
of the shutter it must perform the reverse function of a synchronizer 
intended for use with flash lamps; namely, it must delay the closing of 
the lamp circuit until the shutter has opened fully. The Kodatron 
Synchro-Timer, shown in Fig. 196, was designed to accomplish this. 
Fig. 197 shows the wiring diagram for this timer which consists of two 
matched solenoids connected in parallel across a suitable battery. One 
solenoid serves to trip the camera shutter while the other actuates a 
micro-switch which in turn closes the Speedlamp trip circuit. A vari- 
able inductance, wired in series with the micro-switch solenoid, delays. 
its action until after the shutter solenoid has tripped the shutter. The 
length of this delay can be controlled by adjustment of the variable 
inductance so that the Speedlamp is flashed at the instant the shutter 
blades reach the full open position. 


CHARTERS 1 
PHOTOCHEMISTRY 


Photochemistry.—The study of the chemical changes produced 
by radiation is known as photochemistry. The term radiation includes 
all forms of radiant energy as: visible light, ultra-violet, x-rays, gamma 
rays, infra-red, electric and cosmic rays. Chemical changes, or re- 
actions, are caused by molecules or atoms that have become activated. 
According to the principles of chemical kinetics, molecules, or atoms, 
are activated when they absorb energy due to collisions with other 
molecules and atoms, or when they absorb radiant energy, such as light, 
from an external source. Only the radiation having the proper fre- 
quency and energy to be absorbed can effect a chemical change. 

The types of radiation are differentiated from each other by differ- 
ences in wave length. Wave lengths are commonly expressed in milli- 
microns, mp, or Angstrom Units (A). 


1 mp = 1 millionth of 1 millimeter, 
LA = 1/10 millionth of 1smmic 


or 
1 mp = 10-® mm. = 1077 cm., 
iw = 10-8 cm., 
tmp = 10A. 


Since the velocity of light is constant, 3 < 101° cm. per second, the 
frequency of vibration can be calculated from 


Av = 6, 
; C 
| al oes 

DNase 


where c = velocity of light and A (lambda) = the wave length in cen- 
timeters per second, and y (nu) is the frequency of light. 
Quanta——While radiation is propagated in a form of wave 
motion, Planck showed, in 1901, that radiant energy is emitted, or 
absorbed discretely in small particles or units of energy called quanta. 
The quantum theory states that radiation is discontinuous and that 
certain restrictions apply when this energy is transferred to molecules 
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or electrons. The energy of the quantum varies with the frequency of 
the radiation: 


e = hp, 


where ¢€ (epsilon) is the energy of the quantum, h is Planck’s constant 
equal to 6.547 & 10-*" erg. sec., and vy (nu) is the vibration frequency. 
From this it will be seen that as the wave length of the radiation de- 
creases, the frequency becomes greater, and the energy of the quantum 
becomes larger. 


QUANTUM ENERGY FOR DIFFERENT RADIATIONS 


Radiation Wave length Frequency Ouantum Energy 
RELA Mee Ren ee! 1A ak ANOHY 1.96 X 10-8 ergs 
Witraviolet =. ne 1,000 3% 10% Nera SIS 
Visible, violet........ 4,000 ie < 104 491 x 10-2 “ 
Infra-red, short...... 10,000 3:9 10% 9 On eats 


Einstein has shown that light quanta not only carry energy but have 
a mass which varies in proportion to the energy, according to the 
relativity equation: 


where c is the velocity of light. 

The quantum theory has been particularly successful in explaining 
the photoelectric effect, black-body radiation, x-ray emission, and the 
discontinuous series of spectra. 

The Photoelectric Effect.—In 1905 Einstein extended Planck’s 
ideas and proposed that heat and light were composed of quanta. The 
quantum of light then became a corpuscle of light, now better known as 
the photon. By the use of this assumption, instead of the classical 
wave theory Einstein was able to overcome certain difficulties in ex- 
plaining the photoelectric effect. 

Einstein predicted that when the surface of the metal is exposed to 
light, the energy of the quantum is used to expel electrons from atoms 
of the metal. The kinetic energy of the expelled electron is equal to: 


lg mv? = hv — vw, 


where m and v are the mass and velocity of the photo-electron, hy is the 


Pianck—Ann. Physik 4 (1901) 553. 
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energy of the quantum and w is energy required to remove the electron 
from the atom or metal surface, i.e., work function. 


V4 mv? = hv — hyo, == hyo. 


By connecting a positive potential to the surface of the metal, 
Millikan was able, 1916, to measure the potential which is just suf- 
ficient to stop the ejection of elec- 
trons. The force of attraction is 


ue then equal to the kinetic energy of 
the electrons. 
R moe 2 
Ve = Kom 
liu FS or 
B Lm? = Ve = hv — w. 
Fre. 198. Diagram of Photoelectric ; ; d 
Cell: In this formula V is the potential 


difference in electrostatic units, ¢ is 
the charge of the electron in electrostatic units (4.77 X 107°), hy is 
the energy of incident radiation and w is the energy required to bring 
the electron to the surface of the metal. On the basis of the above 
equation, the energy and velocity of the ejected electron is proportional 
to the frequency of light. The number of photoelectrons emitted varies 
directly as the light intensity. 
Electron velocities are often expressed in terms of volts. The elec- 
tron-volt is defined as the energy of an electron that has fallen through 
a potential difference of one volt. 


ENERGY OF PHOTON 


Blectiicsamn pier ae electron-volts 
GTAVSian Ce dcie ari eee rare 2< 102 — 1 108 “ $ 
Garniimanray. sie ieee Mee) SK NO! x ae 


Spectra.—Newton showed in 1776 that white light was a mix- 
ture of colors by passing a beam through a prism. Light of shorter 
wave lengths, as violet, was refracted more than light of the longer 
wave lengths, as red. 

In 1858 Bunsen and Kirchoff designed the first practical spectroscope. 
By use of this instrument the spectra of the various elements could 


E1nsTEIN—Ann. Physik 17 (1905) 1932; 20 (1906) 199. 
MiLLtikan—Phys. Rev. 7 (1916) 362. 

Hucues—Bull. Nat. Res. Council 2, Part 2, April (1921). 
MiLtit1kKAN—The Electron, University of Chicago Press (1924). 
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be examined. Two types of spectra were observed: line spectra and 
band spectra. Line spectra are produced by the activation of atoms 
and molecules in a vapor or gas. Gases may be activated to lumines- 
cence by means of discharge tubes. Metals are partially vaporized 
when used as electrodes for spark and arc discharges. Compounds 
can be heated in a flame or placed in cored electrodes. Band spectra 
may be considered as a series of lines very close together. 

Line spectra are of two kinds: Adsorption spectra—produced by pass- 
ing light from a continuous spectrum through a body of gas. Fre- 
quencies capable of being absorbed by the electrons in atoms will be 
observed as dark lines which are characteristic for each element. These 
lines are similar to the Fraunhofer lines in the solar spectrum. Emis- 
sion spectra are observed as bright lines when an element radiates 
light. The bright lines occupy the same positions as do the dark 
lines in the adsorption spectrum. However, emission spectra always 
contain more lines than adsorption spectra. 

Balmer Series of Hydrogen Spectra.—In 1885, Balmer found 
that wave lengths for the visible spectrum of hydrogen could be ex- 
pressed by the formula: 

n 
d = 3645 Heap 
where A is in Angstroms and m is a whole number equal to or greater 
thanied,) 1.€.; O 


n=3)=6560A Haline red, 


n=4\=4860A HB line blue. ied 


Blue 
Soon afterward Rydberg found 


it more convenient to represent 
| ee naa 
the lines of the Balmer series in 
terms of frequency rather than in 
wave lengths. 


Js Violet 


5 
Fic. 199. Emission Spectrum of 
Hydrogen Balmer Series. 


The above formula represents the 
Rydberg equation in which the 
frequencies of the successive lines 
of the Balmer series are obtained when n,—2 and n, is 3, 4, 5, 6, 
etc. FR is the Rydberg constant which has a frequency value equal to 
3.291 & 10% vibrations a second. 
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Since this equation gave large numbers, Ritz suggested the use of 
wave numbers instead of frequency. 


C 
pie 
rN 
, : 1 
therefore vy is proportional to we 
1 
then Bea 
e y x 


where v' is the number of waves per second, or wave number. The 
new formula is known as the Balmer-Ritz equation and is obtained: 


N is a constant equivalent to the Rydberg constant since y= cyv' and 
has a value equal to 109,700 cm.*t. 

Following the discovery of the Balmer series, five other series of 
hydrogen spectra have been found. The position of the various lines 
may be calculated by means of the Rydberg formula. 


Series mi ne Region 
Isyanianesaee cr cicero il 2, SA SO ultra-violet 
Balmer nto ee 2 3p ALO visible 
Raschen= eee 3 A 50 infra-red 
Bracketti..2. ences 4 5, 6 far infra-red 
Phundse we pecs cee: 5 6 far infra-red 


X-ray Spectra.—Barkla, 1911," studying the scattering of x-rays, 
found that each element irradiated with x-rays emits both hard and 
soft x-rays which are characteristic of the element. The hard rays 
were designated by the letter K and the soft rays by the letter L. 
The characteristic L rays consist of lines in a second spectrum and 
have wave lengths longer than those of the K spectrum. ; 

Having discovered that x-rays undergo reflections at crystal sur- 
faces, W. L. and W. H. Bragg, in 1912, built the x-ray spectrometer.” 
With the aid of this instrument they were able to discover several orders 


of x-ray spectra. 


1 Barkla, Phil. Mag. 21 (1911) 648. 
2 Bragg, Phil. Mag. 24 (1912) 1024; 27 (1914) 703. 
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Mosely, in 1913, succeeded in photographing characteristic x-ray 
spectra for a number of elements. He showed that the penetration 
of x-rays generated by targets of differ- 
ent metals is a linear function of the f 
element when arranged in the order of in- 
creasing atomic weights. As the atomic 
number increased, the series of lines con- Lz 
stituting the x-ray spectrum shifted to- 
ward the shorter wave lengths. Elements 
having high atomic numbers were found 
to have two additional series. The series 
were designated by the letters K, L, M. Zz 

By plotting the square root of the fre- Fie. 200. 
quency, as the a line of the K series, for 
the different elements against the atomic number, Mosely obtained a 
linear function which is represented by the following equation: 


Vv = a(Z — B). 


in which Z is the atomic number and a and BD are constants.® 

Structure of Atom.—Based on studies in radioactivity dealing 
with the deflections of Alpha particles, Rutherford, 1911,* was the first 
to suggest the nuclear theory of atomic structure. The atom, accord- 
ing to this theory, is a miniature solar system in 
which a number of positive charges (protons) 
are packed closely together in a nucleus at the 
center of an atom. Surrounding the nucleus at 
various distances are a number of negative 
charges (electrons) which are equal in number 
to the positive charge in nucleus. Thus, an 
atom of an element having the atomic number 
Z has Z electrons each carrying a negative 
charge — e, and a nuclear charge, + Ze. The 
result of the whole represents a neutral atom. 

The Bohr Atom.—By making use of Ein- 
stein’s photo-electric equation and Rutherford’s 
atom as a model, Bohr was able, in 1913,> to extend the quantum 
theory to the interpretation of spectra obtained from hydrogen. With 

3 Moseley, Phil. Mag. 26 (1913) 210; 27 (1914) 703. 


4 Rutherford, Phil. Mag. 21 (1911) 669. 
5 Bohr, Phil. Mag. 26 (1913) 1, 476, 857. 
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Fie, 201. Rutherford 
Model of Hydrogen 
Atom. 
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this theory he was able to derive the value of the Rydberg constant 
and the formula for the Balmer series of hydrogen. 
By rearranging the Einstein equation into the form 


4 mv? + w 
he aera ete f 


and substituting frequency v for wave number, »* in the Ritz equation 
p=A— B. 
Bohr showed that both equations could be written in the form 


_ Energy 
fe h 


v 


for 14 mv is kinetic energy of the electron and W is the work funcvion 
or energy required to bring the electron to the surface of a metal. 


Thus: 
| = E)- (=) 
Pes Wie me Ihe 


where W,, and W, are energies. Then: 
hv = We. — W,. 


According to Bohr’s theory, the electrons of an atom may exist in 
different energy levels—E,, FE,---E,, without emitting or absorbing 
energy, but when an electron jumps from one level to another, FE, to E,, 
a quantum is absorbed or emitted and the energy of the atom changes 
from W, to W,. 


I 


hy W, Tae W, 


or 
hy ae Ey =u Laie 


Bohr assumed that the electron can revolve about the nucleus in any one 
of a set of particular orbits without radiating energy. Bohr further 
assumed that for an atom to be in a state of equilibrium, the centrifugal 
force must be equal to the force of electrostatic attraction between the 
nucleus and the electron, 


mo Ze 
r r 


and that the angular momentum of the electron in each orbit is a 
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multiple, n, of (h/2)z, 


mor = Ee 
Dar 
Then the energy, £,, for any orbit, n, is 
— 2n*e?(Ze)?m 
E, = mh : 


where m is the mass of the electron, ¢ is the charge on the electron, 7 
is the atomic number, / is Planck’s constant and m is a multiple. 

When an electron jumps from one orbit to another, the energy of 
the quantum emitted is expressed by 


lrmzZ-ef 1 1 
h? ny NY 
If wave number, w', is substituted for the frequency, v, then we obtain 
pe 2amZie* (ot 1 
ge eee : 
MG P 2 


Nine I> 
A constant equal:to the value of the Rydberg constant, R, is obtained 
by grouping terms 


hv = Ene a Ena — 


N ee 21?me* 
ch 


In the case of hydrogen, the atomic number, Z = 1 and 


where Ry = 109,677.76 cm.?. 
By setting n, == 2 and making n, greater than 2, values are obtained 
which check closely with the observed lines in the Balmer series. 


Since v! = Bain and A = 1 X 10-8 cm., then when 


\ ° 
ne A 
3 6564.8 
4 4862.7 
5 4341.7 
6 4102.9 


Quantum Numbers.—While the Bohr theory accounted for the 
position of lines in the spectrum of atomic hydrogen, it did not account 


Jauncey—Modern Physics. 2d Ed. Van Nostrand (New York 1937). 
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for the fine structure of lines which are observed by spectroscopes with 
high resolving power. 

To account for these lines various modifications of the Bohr theory 
have been made. Sommerfeld (1915) ® suggested an atom in which 
electrons rotate around the nucleus in elliptical orbits. The momentum 


Fic. 202. Bohr-Sommerfeld Model of Hydrogen Atom Showing Stationary 
Orbits Corresponding to Principal and Azimutal Quantum Numbers. 


of the electrons can be resolved along the radius vector and angular 
momentum in accordance with radial and azimuthal quantum numbers. 
These numbers can be grouped and shown to be equal to the principal 
quantum number, 7, of the Bohr theory. According to Sommerfeld’s 
modification,’ the azimuthal quantum number determines the ellipticity 
of the orbit. P. Epstein (1916) computed the perturbations in elec- 
tron orbits and the change of energy in each due to the excitation of 
hydrogen and helium atoms in an electrostatic field, which is known 
as the Starke effect. P. Zeeman (1896) has shown that spectral lines 
are split into triplets when placed in a magnetic field. To explain this 
phenomena in terms of Bohr theory, it is necessary to assign a magnetic 
quantum number, m. Uhlenbech and Goudsmit (1925) showed § that 
many lines in the spectra are multiplets consisting of 2 or 3 lines close 
together. They explain the presence of multiplets in the spectum by 
assuming that an electron rotates or spins about its own axis and thus 
contributes to the total angular momentum. The spin is quantized 
according to the spin quantum number, s. Russell and Saunders °® 
(1925) assume that the orbital angular momenta of the extra nuclear 

6A. Sommerfeld, Ann. d Phys. III (1916) 1. Paschen, Ann. d. Phys. III 
(1916) 901. 

7P. Epstein, Ann. d Phys. III (1916) 489. 


8 Uhlenbeck and Goudsmit, Nature 117 (1926) 264. 
9 Russell and Saunders, Astrophs. J, 61 (1925) 38. 
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electrons of the atom are coupled together to give a total represented 
by the resultant quantum number, L. In addition there are several 
types of spectra which are known according to their appearance as: 
s = sharp; p= principal; d = diffuse; f = fundamental. 

Pauli, in 1925, made a study of spectra and stated what is known as 
the Pauli exclusion principle? According to this statement no two 
electrons in the same atom can have all four of their quantum numbers 
identical. In other words, there can be only one kind of atom for each 
combination of electronic quantum numbers. The four quantum num- 
bers used to describe the state of electron in the atom are: 


n =the principal quantum number, 


where n = 1, 2, 3, 4, 5, the electrons are referred to as K, L, M, N, O, 
electrons, and are said to be in the K, L, M, N, O, shells respectively 
outside of the nucleus. 


1= orbital quantum number. 


For each principal quantum number there are  sub-levels designated 
by the quantum number, J, whose values must always be one less than 
the principal quantum number, ». Electrons represented by /==0, 1, 
Z, 3, are called the s, p, d, f, electrons and give rise to the sharp, prin- 
cipal, diffuse and fundamental series of spectra. 


m,—= magnetic quantum number. 


m is dependent on / and can have values from + 1 to —1, and 0. 
The magnetic quantum number accounts for the splitting up of spectral 
lines into components when the emitting source is placed in a mag- 
netic field, a phenomenon known as the Zeeman effect. 


ms =the electron spin number, 
s can have values of + 14 or —1%% 


as the rotation is superimposed on the orbital motion. 

The energy of an electron in any level is a function of n, J, mm, and 
ms. The effect of the last three terms is small in comparison with n, 
the principal quantum number. 

Atomic Structure.—Since the spectra of electrons are represented 
by four quantum numbers and the rules governing their restrictions, it 
can be shown that the energy of every electron in the atom is different 
from that of all others. The number of electrons in any shell is lim- 


10 Pauli, Z. Physik 31 (1925) 765. 
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ited by the possible arrangements of quantum numbers. Then, for the 
K shell: n—=1: 10; m=0; m+. Hence, since there are 
only two possible combinations, there can be only two electrons in the 
K shell. This shell accounts for the hydrogen and helium atoms. 

For the L shell: 


n= 2:1=0,1;m,=1,0,+1ands=+ ¥. 


With these combinations there are 8 possible arrangements in the L 
shell and the / shell can contain 8 electrons. This shell accounts for the 
elements of boron, carbon, nitrogen, phosphorus, oxygen, fluorine, and 
neon, 


COMBINATIONS OF ELECTRONIC QUANTUM NUMBERS FOR K AND L SHELLS 


n I mi Ms Total 
(Princt pal) (Orbital) (Magnetic) (Spin) Combinations 
| 
| 
a 1 0 0 } +15 
K Shell 
e 0 0 Ee 2 
2 0 0 +% 
2 0 0 —\4 
2 1 =a fe 
2 1 ={ a 
E, Shell ae 8 
2 0 +% 
2 1 0 a8 
2 1 1 BEY 
2 1 1 ash A 


The total number of electrons in any shell is given by the formula 
e==2N? or 2(1? + 2? + 3?-+ -+-N?) in which the values of the suc- 
ceeding terms are 2, 8, 18, 32. These represent the number of elec- 
trons in the K, L, M, N, O shells and are equal to the number of 
elements in the periodic system. 

Quantum Mechanics.—The restrictions of the quantum theory, 
based on laboratory measurements, have been studied by various 
workers. In 1924 de Broglie extended the dual nature of light to 
matter.*t He assumed that a particle of mass, m, moving with a 
velocity, v, has associated with it de Broglie waves, whose wave lengths 
are given by the expression 


ase Legh 
mv 


11 de Broglie, Phil. Mag. 47 (1924) 446. 
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Heisenberg and Born” have devised a theory for the foundation of 
the restrictions based on matrix calculus. 

Schrodinger made use of de Broglie’s ideas and developed a theory 
based on the application of differential equations to waves, a theory, 
that is known as wave mechanics. From both theories the restrictions 
of the quantum came out automatically as mathematical necessities. 
Both theories are included in what is now known as quantum mechanics. 
In 1927 Davisson and Germer * showed that electrons act like light 
and that streams of electrons have properties attributed to waves. 
Busch pointed out the analogy between electron paths and light rays 
and showed that the behavior of both in an electric field is identical, a 
discovery which paved the way for the electron microscope. 

Band Spectra.—The idea of the quantum theory has been ex- 
tended to the molecule and atoms in a molecule. It has been shown that 
a molecule can exist in a number of energy levels and that a change 
from one state to another results in the absorption or emission of 
energy which results in the production of a line in the spectrum having 
a definite frequency. In order to account for structure of band spectra, 
it is necessary to assume that the electronic, vibrational and rotational 
energies of molecules are quantized. 

The emission of energy, due to the rotation of molecules, gives rise 
to spectra in the far infra-red. Energy emitted, due to the displace- 
ment of atoms within the molecule, produces vibration spectra and 
when these are superimposed on the rotation spectra, bands appear 
in the near (short) infra-red. 

Collisions between Photons and Molecules.—Photochemistry 
has been defined as a study of chemical changes produced by radiation. 
Chemical changes, or reactions, are caused by molecules and atoms 
which have become activated by the absorption of energy due to colli- 
sions or radiation. Molecules activated by radiation absorb quanta. 
The energy of the quanta, or photon, varies with the frequency. Light 
of long wave lengths, low frequency, has less energy than light of 
short wave lengths, high frequency. 

When a photon strikes a molecule, several results are possible: (1) 
no reaction, the photon did not have the proper energy to be absorbed, 


12 Heisenberg, Z. Physik 38 (1926) 411; 41 (1927) 239. 
13 Davisson and Germer, J. Chem. Ed. 5 (1928) 1041, 1255. 


DusuMAaN—The Elements of Quantum Mechanics. 
For discussion of the wave mechanics equation see‘GLAssStoNE—Textbook 
of Physical Chemistry. Van Nostrand (1940) p. 74. 
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displacement of atoms in molecules and a photon of different frequency 
—(2) Raman effect; the production of high speed electron and a 
photon of lower frequency—(3) Compton effect; the disassociation of 
molecule into atoms, one of which becomes excited; the splitting off of 
an electron with the formation of a positive ion and the activation, or 
excitation, of the molecule. Molecules are activated in different ways 
depending upon the frequency of the absorbed radiation. The energies 
required for most chemical reactions range from 20,000 to 100,000 
calories. Since visible and ultra-violet light have the shortest wave 
lengths, hence the greatest frequency and energy, these are most effec- 
tive in producing chemical reactions. 


Radiation A Gaon Effect on Molecule 
Far infra-red. .|/2:>@105 =. J. 25 ....- 1400>| rotation of molecule 
Near infra-red..| 8 X 10° — 4 * 103} 1400— 3500 | displacement of atoms in 
molecule 
Wisil lemurs 8 x 103 — 4 x 103} 3500-— 71000 | displacement of electrons in 


Ultra-violet....] 4 * 103 — 2 & 10%} 71000—142000 outer orbit of atoms 


Distribution of Energy.— When light falls on a substance, a part 
of the light is reflected, a part absorbed and the remainder transmitted. 
The energy relations may then be expressed as 


B=R+t+A+T, 


where E is the incident energy, R — the energy reflected, A — energy 
absorbed, and T — energy transmitted. 

In Photochemistry it is necessary to take into consideration the 
amount of light distributed between the three divisions. Fresnel’s law 
gives the relation between incident and reflected light. It is expressed 
by the equation: 


mel NG 
(255) In = RI, 
in which J, is the incident light, is the refractive index of the medium 
for light of a definite wave length. 
In solutions the amount of light absorbed depends not only on the 


thickness but also on the concentration. For like solutions of uniform 
thickness, the absorption of light in different concentrations is an ex- 
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ponential function of the concentration. 
Ib — Les, 


where /, is the intensity of light striking the absorbing medium, J is 
the intensity light which has passed through a thickness, x, having the 
concentration of m, and k is a constant known as the molecular absorp- 
tion coefficient ; k varies with the nature of the dissolved material and 
with wave length. 

Photochemical Laws.—In 1818 Grotthus stated the first law of 
photochemistry ;—only the radiation which is absorbed can produce a 
chemical change. This law was re-stated by Draper in 1839 and has 
since become known as the Grotthus-Draper law. Although photo- 
chemical reactions are caused by the absorption of light, it does not 
follow that all radiation which is absorbed will produce chemical 
change. Much of the energy is converted into heat, while some may 
be emitted as light with a different frequency—giving rise to such phe- 
nomena as fluorescence and phosphorescence. The term radiation in- 
cludes all electromagnetic vibrations from short gamma and x-rays to 
the long infra-red rays. Ultra-violet and visible radiation are most 
effective in producing photochemical changes. According to modern 
theories, the absorption of ultra-violet and visible light produces dis- 
placement of outer electrons in molecules or atoms causing the molecules 
to decompose or to react with other molecules. In cases where condi- 
tions are not suitable for reaction, the activated molecules emit their 
energy as radiation of a different wave length, or they may produce vio- 
lent collisions with other molecules and thus dissipate their energy as 
heat. Some reactions are sensitive to a wide range of wave lengths, 
while others are affected by monochromatic light of definite wave length 
or by a narrow band of wave lengths. Einstein’s law of photochemical 
equivalence states that in primary processes the absorption of one 
quantum is required for each molecule activated. As the energy of 
the quantum is equal to 

e= hy 


and since gram-molecule contains 6.06 < 10° molecules, a number 
known as Avogadro’s number, N, then to activate the molecular weight 
of any substance, the number of quanta required will be 


U = Nhv = 6.06 X 10” XK 6.547 K40°*"y, 


where v is the frequency, 2 is Planck’s constant. The number of 
quanta U is called the “Einstein.” 
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The relation of one quanta per molecule activated holds for ideal 
conditions, as rarified gases having reversible monomolecular reactions 
and a narrow monochromatic absorption band. In most cases the reac- 
tions are not simple, but are often followed by a series of secondary 
or chain reactions. The number of molecules activated by the absorp- 
tion of a quantum may vary from a fraction to several hundred. The 
ratio of the number of molecules that have reacted to the number of 
quanta absorbed, is known as quantum yield, ®. 


no. of molecules decomposed 
no. of quanta absorbed 


P= 


- Types and Nature of Photochemical Reactions.—Various kinds 
of reactions are caused by exposure to light ; among the types that have 
been studied are: synthesis, decomposition, oxidation-reduction, hy- 
drolysis, halogenation, polymerization, allotropic change *and_ ultra- 
molecular rearrangement.** 

Photochemical reactions differ from thermal reactions in that the 
former take place in the presence of light at normal or low temperatures. 
The intensity of light and size of container affect the rate of reaction. 
Photochemical reactions are often accompanied by dark or thermal re- 
actions in opposite directions as 

light 
Je EE ad Bie 
dark 


Photochemical reactions may produce catalysts which in turn cause a 
thermal reaction. Some reactions have an induction period during 
which enough catalyst is produced to cause the reaction to proceed with 
normal speed. Other photochemical reactions continue after the illu- 
mination is stopped and exhibit after effects of a thermal nature. 
While thermal reactions are dependent upon concentration of reacting 
substances, photochemical reactions are often independent of the con- 
centration. The energy available in photochemical reactions is greater 
than that of thermal reactions. This accounts for the fact that photo- 
chemical reactions are different from thermal reactions aid are usually 
more complex. 

Solid and Semi-solid Systems.—Most of the reactions studied 
in photochemistry have been in the field of gaseous systems. Little 


14 Sheppard, Photography as a Scientific Instrument, Blackie (1923) p. 113. 
ErnsterN—Ann. Physik (4) 37 (1912) 832. 
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work has been done with liquid and solid systems. Of the solids sensi- 
tive to light only a few have been thoroughly investigated. Of these, 
only the decomposition of silver halides is of interest to photography." 

If certain substances, as gelatin, silver nitrate, halides of potassium 
and ammonium, are added to silver halides, these become more light 
sensitive. Materials of this type act as light catalysts and are known 
as “sensitizers.” The presence of small quantities of sulfur bodies 1° 
(as “allyl isothiocyanate’’) in gelatin greatly increases the sensitivity of 
photographic emulsions. It is also known that the sensitivity of photo- 
graphic emulsion is dependent on the size range of silver halide grains. 
Eggert and Noddack have studied ™ the light absorption processes of 
silver halides and found that they decompose into silver and halogen. 
The reaction has a quantum efficiency of one. 


AgBr + hy = Ag + Br. 


Light Sensitive Materials for Photography.—Of the many light 
sensitive systems only a few have found commercial applications in 
photography. Sheppard lists the following: (1) silver halides and 
salts that produce silver images; (2) iron complexes which produce 
ferrous salts. These may be converted into platinum, palladium or 
prussian blue images; (3) alkaline dichromates with colloids that pro- 
duce chromium oxides which are capable of tanning gelatin; (4) Diazo 
compounds that lose nitrogen and are decomposed into products which 
may be coupled to form a dye; (5) sensitive dyes that are bleached by 
light.** 

Silver Processes.—If silver halides, as silver chloride, silver 
bromide, and silver iodide, or silver salts, as silver nitrate, silver citrate, 
are placed in protective colloids, as gelatin, agar agar, albumen, casein, 
collodion or cellulose esters, suspensions are formed which, if coated 
on supports, as glass, film base or paper, are known as photographic 
emulsions. Of the silver salts, the silver halides are most important. 

On exposure to light silver salts exhibit two types of photographic 
reactions, printing out—producing visible images—and the formation 
of latent images which may be developed into visible images. Visible 


15 Franck and Kohn, Z. Physik 44 (1927) 607. 

16 Sheppard and Punnett, U.S.P. 623,499, 

17 Eggert and Noddack, Z. Physik. 31 (1925) 922. 
18 Sheppard, Ind. Eng. Chem. 22 (1930) 555. 
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images are composed of colloidal silver adsorbed to or occluded in 
silver halide. By x-ray studies, Koch has shown that the first traces 
of a visual image is composed of metallic silver? The latent image 
serves to catalyze the development process causing a reduction of silver 
halides. There are two basic theories as to the origin of the latent 
image. Renwick suggests that the colloidal silver acts as a negative 
sol and is coagulated by the action of light to form a neutral gel which 
may catalyze the reduction of silver halide. The second theory assumes 
that on exposure the halogen ion loses an electron which is adsorbed by 


a silver ion forming a metallic speck.?° 


Br + hy > Br +e, 
Agta ei —- Ae, 
Br + Br— Bry. 


It is thought that silver halide crystals have crystal lattices in which 
the silver and bromine exist as ions. On exposure the ions undergo 
changes given in the equations above. The silver formed acts as 
nucleus, or center, for development of the silver halide grain. 

The exposure of photographic emulsions produces latent images 
which can be developed when the image is treated with a selective re- 
ducing, or developing agent, in solution. Latent images are not visible 
to the eyes, but when treated with reducing agents the products of the 
photochemical reaction act as a catalyzer which, in turn, causes reduc- 
tion of the surrounding silver molecules. The quantum yield for reac- 
tion of this type may be as great as 300. _The exact mechanisms for 
the processes of latent image formation are still uncertain. A dis- 
cussion of the various theories will be found in Chapter IX. 

Quanta Required for Latent Image Formation.—The application 
of the quantum theory to photographic exposures and latent image 
formation has been the subject of study for many investigators. 
Silverstein studied the quantum theory of photographic exposure. 
James, James and Coleman, and Webb *! have investigated theoretically 
the number of quanta required to form the photographic latent image. 

19 Koch and Vogler, Ann. Physik 77 (1925) 495. 

20 Fajans, Chem. Ztg. 45 (1921) 666. Toy and Edgerton, Phil. Mag. 48 
(1924) 947. Spencer, Proc. 7th International Cong. Phot. (1928) 358. 


21 For a good bibliography of work up to 1939 consult paper by Webb in J. 
Opt. Soc. Amer. 29 (1939) 309. 


SHEPPARD—The Formation of the Photographic Latent Image, Phot. J. 68 
(1928) 397. 
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Silverstein has determined mathematically the number of quanta needed 
for developability of a silver halide grain. 

The question as to the number of quanta utilized in latent image for- 
mation is an important problem in photographic theory. One method 
of approach has been the mathematical analysis of the characteristic 
H and D curves for an emulsion.?? A fundamental assumption of the 
theoretical investigations is that a fixed minimum number of quanta are 
required to produce a latent image that is just developable. This mini- 
mum number is assumed to be the same for every grain. Analyses of 
this assumption have led to the conclusion that a small number of 
quanta, 1 to 4, are involved in latent image formation. Contrary to 
this Webb has shown that theoretical curves based on a wide variation 
of sensitivity among grains, 1 to 1000, are also in agreement with ex- 
perimental H and D curves. Webb and Evans”? using the method 
of intermittent exposures found that some grains require more than 64 
quanta to become developable. Since 2 or 3 electrons may be placed 
on a speck without causing neutralization, the number of quanta re- 
quired for latent image formation for some grains must be greater than 
100. Although a few grains may require 1000 or more quanta, such 
are scarce. Eggert and Noddack state ** that the number of quanta 
falling on a grain may be as high as several hundred. 

By applying a method of graphic analysis to photographic exposure 
and assuming that the sensitivity variation among grains of a photo- 


22 Silverstein, J. Opt. Soc. Amer. 31 (1941) 343. 

23 Webb, J. Opt. Soc. Amer. 31 (1941) 348. Webb and Evans, J. Opt. Soc. 
Amer. 41 (1941) 355. 

24 Eggert and Noddack, Z. Physik 20 (1923) 299. 


SILBERSTEIN—Quantum Theory of Photographic Exposure. Phil. Mag. 44 
(1922) 257; 44 (1922) 956; 45 (1923) 1062; 5 (1928) 464; Proc. Int. 
Math. Congress, Toronto (1924) p. 127. 

JAMES AND CoLEMAN—Quantum Theory of the Latent Photographic Image. 
J. Chem. Phys. 2 (1934) 483. 

James—Quantum Theory of Latent Photographic Image. 2 (1934) 132. 

Wess—The Number of Quanta Required to Form the Photographic Latent 
Image as Determined from Mathematical Analysis of the H and D 
Curve. J. Opt. Soc. Amer. 29 (1939) 309; 31 (1941) 348, 559. 

S1LpeRsTEIN—On the Number of Quanta Required for Developability of a 
Silver Halide Grain. J. Opt. Soc. Amer. 31 (1941) 343. 

SeLtwyn—Number of Quanta Required to Form the Photographic Latent 
Image as Determined from Mathematical Analysis of the H and D 
Curve. J. Opt. Soc. Amer. 29 (1939) 518. 
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graphic emulsion depends on the inherent variation in grain sensitivity 
among grains of the same size class as well as upon size distribution, 
Webb was able to derive theoretical equations *° for H and D curves in 
agreement with experimental data obtained by Wightman, Trivelli and 
Sheppard *° for the exposure grain-count of an actual emulsion. 

The number of quanta required for latent image formation does not 
necessarily agree with the number of silver atoms in the latent image. 
This difference may be due to the fact that the energy of quanta may 
not be sufficient to cause the formation of silver atoms, silver atoms 
formed may evaporate, or they may be lost by the speck. 

According to Mott,” quanta adsorbed by a crystal may undergo three 
fates, the energy may be converted into heat, re-emitted as fluorescence, 
or used in the production of photo-electric energy. 

Iron Processes.—Ferric salts in the presence of organic acids 
form complexes which on exposure to light are reduced to ferrous salts. 


Fett+ + 3(@.0.) — ( C0, C204 
Sate 
Fe 
.) 
C204 
CoO, C204 Tai G0: oe 
Nae Ri 
Fe oa hv > (CHOV= Fe 
‘) aX 
(CKO C20. 


This reaction forms the basis of the blue-print process and platino- 
type. 

Bichromate Processes.—The second most important photo- 
graphic process depends upon the action of light on bichromated col- 
loids. The investigations of Eder, Lumiere and Seyewetz, Bowen ** 
and others show that the bichromate is decomposed to Cr,O, which in 
turn reacts with the acid bichromate ion (HCr,O,)~ to form a complex 
which is responsible for the tanning of the colloid. Colloids hardened 


25 Webb, J. Opt. Soc. Amer. 29 (1939) 314. 

26 Wightman, Trivelli and Sheppard, J. Phys. Chem. 28 (1924) 529. 
27 Mott, Proc. Roy. Soc. 167A (1938) 384. 

28 Bowen and Yarnold, J. Chem. Soc. (1929) 1648. 
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in this manner are utilized in various photo-mechanical processes and 
in imbibition and pigment printing processes such as carbon, carbro, 
gum-bichromate and bromoil. 

Other Metallic Salt Processes——Various compounds of Ura- 
nium, Mercury, Thallium, Platinum, Cobalt, Nickel, Cerium, Molyb- 
denum and Tungsten show light sensitiveness. Of these the most im- 
portant for photographic use are: Uranium, Mercury, Thallium and 
Platinum. At present, no printing emulsions employing these salts are 
available, commercially. 

Dye Processes.—With the exception of bleach-out, diazo and 
silver-dye bleaching processes, photography has not made much use of 
reactions common to organic chemistry. © 

Many dyes are sensitive to light, either changing in color or more 
frequently bleaching out to colorless or nearly colorless substances. 
The exposure required for bleaching varies widely with different dyes. 
The exposure required for bleaching of some dyes is greatly reduced, 
if other substances, termed sensitizers, are present. Dyes are usually 
sensitive to the shorter wave lengths of light, chiefly to ultra violet. 
Dyes sensitive to light are generally bleached by light of a comple- 
mentary color. Dye bleaching may be either a process of oxidation, 
reduction, decomposition or internal rearrangement. 

Bleach-out and silver-dye bleach processes are employed in printing 
mediums for color photography, while the diazo process is widely used 
in plan copying papers. 

a. The Bleach-out Process. The bleach-out process, also known as 
dye bleaching, utilizes the sensitivity of dyes for bleaching action and 
forms images composed of dyes. The dyes in the dye layer are 
bleached in proportion to exposure (light action). The image may be 
positive or negative. The bleach-out process is usually employed to 
make positives from positives. 

Dye bleaching, as a photographic process, was first recognized by 
Liesegang in 1889.*° The work of Vallot, Neuhaus, Worel, Szczepanik, 
Smith and Limmer was ably summarized by the latter in 1911.8° More 
recently the reactions involved have been studied by Koenig, Steigman, 


29 Liesegang, Phot. Arch. No. 633 (1889) 328. 
30 Limmer, Das Ausbleichverfahren, Halle (1911). 


FrIEDMAN—Uranium Printing. Am. Phot. 33 (1939) 846. 

PLotNIkKow—Allgemeine Photo Chemie, Walter de Gruyter, Leipsig 
(1936). 

Eder Handbuch IV, 4 (1929). 
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Mudroveic,*! Kogel,?? Lasreff #* and Wendt.34 While the action of 
sensitizing agents on dyes of oxazine, thiazine, azine, phthalein, 
triphenyl-methane and xanthonium classes have been studied, only 
basic dyes of the xanthene group sensitized with thiourea derivatives 
and acid dyes used with activating and sensitizing agents are employed 
for the production of images. Fixation is accomplished by treating 
with agents like sulfurous acid which destroy sensitivity of the dye. 
Some xanthonium dyes found suitable for dye bleaching are: 


Capri Blue GON Pyronine G 
Flavendule Rosindule 2B 
Methylene Blue Rhodamium S 


b. The Diazo Process. The bleaching of dyes finds its most impor- 
tant application in photography in the plan copying papers of which 
Ozalid, Océ and Primuline are examples. 

In the diazo process, exposure causes diazonium salts, which are dye 
intermediates, to undergo chemical changes which affect their capacity 
to form dyes, 1.e.: 


1. Exposure of the diazonium salt causes the destruction of the 
diazonium linkage. 


—N==N hv OH 
x (light) 
(in paper) (acid) 


The residual diazonium salt, unexposed portion, may couple to form 
an azo -dye. 


OT Ou- OC 


(azo dye) (acid) 
As coupling takes place in an alkaline medium only, it is necessary to 
neutralize the acid, i.e., ammonia vapors 


31 Mudroveic, Phot. 2nd 27 (1929) 1313. 

32 Kogel, Phot. Korr. (1926) 9, 15. 

33 Lasreff, Zeit. Phys. Chem. 78 (1912) 657. 
34U.S.P. 1,850,162, 1,871,830, 1,880,573, 2,049,005. 


I’RIEDMAN—Bleach-out Process. Am. Phot. 32 (1938) 821. 
Progress in Color. Brit. J. Phot. 87 (1940) 419. 
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With this method a dark colored line positive is obtained from a positive 
original.*® 

2. On exposure to light the diazonium salt may undergo an internal 
rearrangement so that only one form of the salt will couple. Accord- 
ing to the materials used either a positive or negative image may be 
produced. 


The discovery of the diazo reaction was made by Griess in 1858. 
West, using diazo salicylic acid and its derivatives, made the diazo 
pictures in 1885. The first practical process was introduced by Freer 
who discovered that diazo-sulfonates after exposure would couple to 
form dyes. This reaction yielded a negative image. Green, Cross and 
Bevan, 1890, discovered that diazotized primuline could not couple after 
exposure. Their method gave a positive image from the copy. In 
1923, Kogel discovered the stable class of light sensitive compounds, the 
diazo-anhydrides, which gave rise to the first dry development papers. 
It was possible to incorporate these salts in gelatin solutions together 
with suitable couplers and organic acids and produce, after exposure 
and fuming with NH;, coupled images in the unexposed regions. 

c. Silver-Dye Bleach Process. The Silver-Dye Bleach Process (Dye 
Destruction) differs from the bleach-out process in that dyes are bleached 
by chemical means instead of by the action of light. The silver image 
may act as a catalyst or it may be made an agency for the destruc- 
tion of dyes. The destruction of the dye may take place either at a 
point where the silver image is formed or in areas without a silver 
image, the effect varying in proportion to the silver density. In either 
case, the silver image determines the position of the dye image re- 
maining after processing. A survey of dye destruction methods was 
made by Hymer in 1935.*% 

Dye destruction processes are grouped into two methods, depending 
on whether a silver image is used or not: 


1. Dyes in the presence of the silver image may be destroyed by 
either oxidation, reduction, catalytic, or bleaching processes. 

Dyes in the presence of silver images may be destroyed by oxidizing 
agents as hydrogen peroxide,*” ammonium persulfate, potassium bro- 

35 Spencer, Proc. Seventh Int. Congress (1928) 358. 


36 Hymer, Sci. Pub. Agfa Central Lab. 4 (1935) 177. 
37 Schingel, Brit. J. Phot. 52 (1905) 608. 


SAUNDERS—The Aromatic Diazo Compounds, Arnold & Co., London (1936). 
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mate and lead chromate.** Reducing agents, like sodium hydrosulfite 
and stannous chloride,*® destroy dyes while the silver image is devel- 
oped. The silver image may also be converted to substances which are 
capable of destroying the dye either directly or indirectly. Vanadium 
ferrocyanide and chromic acid *° is an example of this type. In other 
cases the silver image may be bleached with an acid solution of thio- 
carbamide,*! or dyed with a dye that can be easily reduced to a leuco 
base.4? The latter produces a reversed dye image when silver is re- 
moved. Two essentials necessary for these processes are the use of a 
silver halide solvent and an acid reaction.** 

2. Dyes may be destroyed in areas that do not contain a silver image. 
In this case, dyes in the presence of silver halides are bleached. Typical 
bleaching reagents are: calcium hypochlorite and glacial acetic acid,** 
sodium bromate and sulfuric acid,* or iodic acid with sulfuric acid. 


Dye destruction methods have been employed successfully in Gaspar- 
color. In this process the developed silver image is bleached with a 
silver solvent containing ferric salts. The silver salts are then con- 
verted to silver, and the dye in the emulsion is bleached by exposure 
and treatment with hydrosulfite and bromine solutions. 

Among the dyes found suitable for such a process are: Diamine 
pure Blue FF, Bengo purpurine 10B, and Mordant Yellow G.D. 

Because of slowness of materials employing dye destruction methods, 
they are not suitable for negative purposes. See chapter on integral 
tripacs for color materials employing dye destruction processes. 

Quantum Yields for Photographic Reactions.—Reaction proc- 
esses and quantum yields for four photographic systems have been 
summarized by Eggert.*® 

88 Schweitzer, Fr.P. 496,217 (1915). 

89 Christensen, Jahrbuch 29 (1915) 164; D.R.P. 327,591. 

40 Luther and Holleben, D.R.P. 369,485. 

41 Gaspar, Zeit. Wiss. Phot. 34, 119. 

42 Crabtree, Abridged Scientific Publications of Kodak Research Laboratories 4 
(1919-20) 198. 

_ 48 Luppo-Cramer, Eder’s Handbuch 2 (1927). 

44 Gaspar, Brit. J. Phot. Colour Supplement 27 (1933) 41. 

45 Schweitzer, B.P. 249,530. 
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The Photochemistry of the New Colour Film Processes. Die Photograph- 
ische Industrie, 34, 46/47, Nov. 11/18, 1936; Brit. J. Phot. 84 (1937) 
67. 
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Sensitive Quantum 
Substance Reaction Mechanism Yield 
Gelatino-silver Cr +hv =Cl+é8 ¢= 1 
chloride 6 + -Agt = Ag 


AgCl +h» =Ag+Cl 


Gelatino-silver Br-+hvy =Br+0 ¢=1 
bromide 6+ Agt = Ag 


AgBr + hv = Ag + Br 


Diazo CesHsNHC,.H3N = N + H20 + hp @ = 0.5 
| 
SO3H 
= N>. -+- CsH;NH:-C,H;OH + H.SO, 


Chromate- _ CrO,” + 3H (from gelatin) + hy = CrO 30H’ ¢ = 0.5 
gelatine CrO + gel — Adsorption Product ; 


CHAPTER WH 
THE PHOTOGRAPHIC EMULSION 


Introduction.—A photographic emulsion is not a true emulsion 
but a suspension of a light-sensitive solid in a colloid. While light- 
sensitive emulsions may be prepared from the salts of several metals 
including mercury and thallium,’ only those of silver halide are of 
practical importance. Albumin (1847) was the first colloid used in 
photographic emulsions; this was followed by collodion in 1851 which, 
in turn, was superseded by gelatin (1872). Although attempts have 
been made to use agar and casein, mainly in emulsions for printing 
papers, only gelatin is of practical importance. 

In making an emulsion a solution of silver nitrate is added to a solu- 
tion of gelatin containing an alkaline halide, the reaction in the case 
of silver bromide being AgNO, + KBr= AgBr + KNO,. The gel- 
atin is first allowed to swell in cold water and then dissolved by heat, 
after which the alkaline halide (either bromide, chloride or iodide) is 
added and finally silver nitrate. 

The precipitation or “emulsification” of the silver halide in gelatin 
is a very critical operation; the particles must be of the proper size 
and evenly distributed throughout the gelatin solution. To increase 
the sensitivity, emulsions intended for use in the camera are subjected 
to a process known technically as ripening which is accomplished by ° 
heating the emulsion or by the addition of ammonia. After ripening, 
the emulsion is washed to remove the alkali nitrate (KNO,) and other 
soluble substances. 

Both of these operations are frequently omitted in the case of the 
less sensitive and more dilute emulsions employed for contact printing 
papers. 


1 Luppo-Cramer, Die Grundlagen der Photographischen und Negativ-V erfahren. 
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The emulsions for films and plates intended for use in the camera 
consist of nearly pure silver bromide or silver bromide and a small 
amount of silver iodide, while the less sensitive emulsions used for 
papers consist of pure silver bromide (bromide papers) silver bromide 
and silver chloride (chloro-bromide papers) or silver chloride (de- 
veloping out or gaslight papers). the order of sensitiveness decreasing 
generally in this order. 

In negative emulsions, the silver halide forms from 30 to 40 per cent 
of the total weight of the dry emulsion. The proportion is usually 
much less in emulsions for printing papers. 

While the formulas and manufacturing procedures employed in the 
preparation of commercial emulsions are closely guarded trade secrets, 
the general principles are well known and will be discussed in the 
following pages. 

Gelatin.—If silver halide is formed in an aqueous solution by 
the double decomposition of a soluble halide, such as potassium bro- 
mide and silver nitrate, and the solution allowed to stand a short while, 
the silver halide will begin to precipitate upon the sides and bottom of 
the vessel. However, if the silver halide is formed in the presence of 
a colloid, such as gelatin, the solution, at first clear and slightly opales- 
cent, becomes creamy or milky on standing and the silver halide does 
not precipitate out of solution but remains uniformly distributed in 
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the solution., The colloid (gelatin) thus acts as an emulsifying me- 
dium, or vehicle, holding the particles of silver halide in suspension. 

As a vehicle, gelatin is immensely superior to any other colloid. Of 
primary importance from the standpoint of photographic emulsions is 
the easy reversibility of the transition from the hydrosol to the hydrogel 
at readily attainable temperatures. As a hydrosol, it renders possible 
the formation of a suspension of silver halide particles in a medium 
which can readily be spread on paper, film, or on glass plates, converted 
by chilling into a hydrogel, and upon drying forms a vehicle capable of 
holding the photosensitive silver halide permanently in position on the 
base and at the same time is of such a nature as to allow the free pas- 
sage of the solutions in processing. Thus it is the properties of the 
hydrosol which are of importance in the preparation of the emulsion 
and those of the hydrogel which concern its behavior in use. 

Aside from functioning as a vehicle, gelatin acts as a protective col- 
loid. Silver halide formed by precipitation in an aqueous solution is 
immediately attacked and reduced to silver by a developer whether ex- 
posed to light or not. If, instead of water, the silver halide is formed 
in a solution of a colloid such as gelatin, the rate of reduction is greatly 
decreased, especially for silver halide which has not been exposed to 
light. The difference in the rate of reduction for exposed and un- 
exposed silver halide, when precipitated in a colloid, renders develop- 
ment possible. Without the protective action afforded by a colloid all 
possibility of obtaining an image is eliminated as the silver halide, 
whether exposed or not, is immediately reduced by the developer. 

The exact mechanism involved in the protective effect of a colloid 
is not clear. It is probably very similar to, if not identical with, the 
protective action observed in the case of gold and silver sols; how- 
ever, in the case of photosensitive silver halide, there is the added dif- 
ficulty of accounting for the difference in the rate of reduction for 
exposed and unexposed silver halide.?, Apparently the chief function 
of a colloid in restraining reduction by developing agents is by retard- 
ing the deposition of silver either by raising the metastable limit by the 
exclusion of the nuclei or by hindering the coalescence of the silver 
amicrons.* 

It has long been recognized that emulsions of higher sensitiveness 
may be prepared with gelatin than with any other colloid. Until only 

* Slater-Price, Phot. J. 65 (1925) 94; Zsigmondy, Kolloidchemie 1922: 
Freundlich, Capillarchemie 1909. 

8 Sheppard, Phot, J. 69 (1929) 330. 
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a few years ago it was a disputed point as to whether gelatin should be 
regarded as directly responsible or whether it acted merely as a passive 
medium which facilitated the production of large and more sensitive 
crystals. 

It is now know that both viewpoints are correct and that ordinary 
commercial gelatin contains products which materially affect the sensi- 
tivity of the silver halide crystal. These were isolated by Sheppard 
and his coworkers in the Kodak Research laboratories and found to be 
allyl-isothiocyanate (mustard oil) and related sulfur-carbon compounds. 
The isothiocyanates are converted by ammonia into water-soluble thio- 
carbamides from which silver sulfide is formed as the result of a re- 
action, the nature of which is not clear. 

Many other substances have been found to act as sensitizers, but it 
is probable that in all cases the sensitizing action is due to the silver 
sulfide formed since allyl thiocarbamide does not act as a sensitizer 
except under conditions which result in the formation of sodium sulfide. 

The formation of sodium sulfide is retarded by a low bromine-ion 
concentration or by acids; it is greatly accelerated by ammonia and 
alkalis generally. 

Emulsions prepared with gelatin free of such sensitizing agents pos- 
sess only moderate sensitiveness regardless of the manner of prepara- 
tion. The addition of a small amount of any one of the sensitizing sub- 
stances results in a marked increase in sensitivity which increases as the 
concentration of the sensitizer up to a point beyond which general fog 
is produced.* 

The amount of the sensitizing substance necessary for optimum sensi- 
tiveness is very small; photographically active gelatin contains from 1 
part in 300,000 to 1 part in 1,000,000 of the sensitizing substance suf- 
ficient to convert only a few molecules per 100,000 of silver bromide 
to silver sulfide.® 

The mechanism involved in the increase in the sensitivity of the 
silver halide crystal by silver sulfide will be discussed later. 

A gelatin, to be suitable for photographic purposes, must be free from 
mineral or other products which would cause decomposition, from or- 
ganic sulfur and other reducing substances, as well as copper, lead, 
and iron. It must have a high viscosity, which must be retained when 
heated, a good jelly strength and setting power, and finally must be clear 


4 Sheppard, Phot. J. 66 (1926) 399. 
5 Sheppard, Phot. J. 65 (1925) 380. 
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and free from color. These conditions are met only by the purest gela- 
tin extracted at a relatively low temperature.® 

The Three Classes of Emulsions.—Emulsions of silver halides 
in gelatin are conveniently divided into three classes: 


1. Emulsions with an excess of silver nitrate. In this class are 
found all emulsions designed for printing-out. A typical example is 
gelatino-chloride printing-out-paper. With the virtual abandonment 
of printing-out-papers, this class of emulsions is of little importance. 

2. Emulsions with a considerable excess of soluble halide. The best 
example of an emulsion of this character is the unwashed silver chlo- 
ride emulsions employed for slow developing papers such as Velox, etc. 

3. Emulsions with a slight excess of soluble halide. In this class 
belong all ordinary negative emulsions. 


Emulsification.—The precipitation of the silver halide is a very 
important and exacting operation. The crystals of silver halide must 
be of the proper size and must not flocculate together and separate out 
but remain uniformly dispersed in the gelatin solution. The character- 
istics of the emulsion are very largely determined by the conditions 
existing during emulsification. This is particularly true of emulsions 
of low sensitivity and those designed for papers, in which the after 
processes of ripening or digestion are of little importance. In the 
case of negative emulsions, processes subsequent to emulsification may 

6 See Sheppard, Gelatin. 
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result in greatly increased sensitiveness, but it is not possible to convert 
a low speed emulsion of the positive type into one of high speed simply 
by digestion; an emulsion of high speed will be obtained only if the 
conditions of precipitation are favorable to the growth of silver halide 
grains of high sensitivity. 

The conditions which affect the size of the crystals of silver halide 
formed upon precipitation and thus the photographic characteristics 
of the emulsion are (1) the concentration of the gelatin solution in 
which the precipitation of the silver halide occurs; (2) the concentra- 
tion of alkaline halide during precipitation; (3) the rate of addition; 
(4) the temperature and (5) the presence of ammonia or ammoniacal 
silver oxide. Quantitative data are lacking on all of these factors. Such 
data as may be available are known only to emulsion-makers and only 
general statements are to be found in recent literature on the subject 
of emulsions. 

Curves published by Sheppard? indicate a definite relationship be- 
tween the concentration of the gelatin solution in which the silver 
halide is precipitated and the average size of the grain. It is well 
known that only a part of the gelatin is present during emulsification 
and that in the case of high-speed negative emulsions the concentration 
of the reactants is higher and that of the gelatin lower than in low- 
speed emulsions. The grain size is affected also by the physical prop- 
erties of the gelatin but again quantitative data are lacking.” 

In emulsions designed for development, the amount of alkaline halide 
present during precipitation is invariably greater than is necessary to 
combine with the silver salt to form silver halide. The presence of 
excess soluble halide during precipitation is essential in the preparation 
of high speed negative emulsions. Silver bromide is more soluble in 
the solutions containing a soluble bromide and the increased solubility 
results in the formation of larger and more sensitive grains. An excess 
of soluble halide also has the effect of reducing the danger of fog in 
the preparation of highly sensitive emulsions. 

The usual practice in emulsification is to add the silver salt to the 
alkaline halide in gelatin ; however, in the preparation of emulsions em- 
ploying silver chloride there is less danger of flocculation if the chloride 


7 Brit. J. Phot. 69 (1922) 679. 
7a Sheppard and Trivelli found that there is a direct proportionality, under given 
conditions of precipitation, between the time factor and the average grain size. 


Phot. J. 79 (1939) 330. 
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solution is added to a gelatin-silver nitrate solution.’ The reason for 
this is unknown. 

In some of the formulas given in Wall’s Photographic Emulsions 
the alkaline halide (potassium bromide) and silver nitrate are added 
to the gelatin at the same time, the former, of course, being in excess. 
Since in this case the concentration of bromide is more nearly constant 
than when the two are added separately, it would appear to tend to- 
wards a more uniform grain-size. 

The favorable influence. of ammonia on ripening was observed in 
1879 ® by Monckhoven who called attention to the fact that an emul- 
sion might be ripened by the addition of ammonia instead of heat. 
Ammonia may be added to the emulsion as ammoniacal silver oxide in 
the process of emulsification or at a later stage. The presence of 
ammonia during emulsification results in a change in the crystal habit 
of the precipitated silver halide; the thin plate-like crystals not only 
become thicker and more rounded but tend ’° to clump together. Am- 
monia added to the emulsion after emulsification does not change the 
crystal habit of the grains already formed but does facilitate the ripen- 
ing process. (See Ripening.) 

Bromo-Iodide Emulsions.—The addition of iodide to gelatin- 
bromide emulsions was advised by Penney in 1878 and studied in de- 
tail by Abney and Eder. According to Abney ”' it is essential for high 
speed emulsions. The use of iodide makes possible a higher degree 
of ripening and thus indirectly leads to emulsions of higher sensitivity. 
According to Carrol’? the sensitivity of such emulsions is not realized 
unless they are ripened further. Although silver iodide is less soluble 
than silver bromide and would for this reason be precipitated first 
under ordinary conditions, Sheppard and Trivelli found no grains 


8 Eder, Handbuch III, 5th Ed. 1903. 

9 Phot. Korr. 16 (1879) 197. 

10 Carrol, “The Preparation of Photographic Emulsions,” J. Chem. Ed. 8 (No. 
12, December, 1931) 2341. 

11 Phot. News (1880) 174, 196. 

12 Carroll, J. Chem. Ed. 8, No. 12 (Dec., 1931) 2341. 
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of silver iodide in a bromo-iodide emulsion.1* Renwick and Sease 
found ** that the larger grains contain more iodide. The x-ray diffrac- 
tion studies by Wilsey show that the grains of a mixed bromo-iodide 
emulsion have the same type of lattice structure as those of silver 
bromide alone.1® It appears, therefore, that the grains of the bromo- 
iodide emulsion may be looked upon as a mixture of silver bromide 
and iodide. 

Huse and Muelendyke *® found that the addition of iodide results 
in a shift in the spectral sensitivity of the emulsion towards the longer 
wave lengths and it is reasonably certain that silver-bromo-iodide 
emulsions absorb more energy from white light than those of silver 
bromide alone. This alone, however, does not account for the in- 
creased sensitivity. In the opinion of Trivelli’’ the increased sensi- 
tivity is due to the strain set up by the presence of the silver iodide 
incorporated in the crystal structure of the silver bromide. 

Ripening.—After emulsification, all emulsions, except those for 
printing papers, are subjected to a process known technically as ripen- 
ing, the purpose of which is to increase the sensitiveness to white light. 
Ripening is accomplished by keeping the emulsion at a relatively high 
temperature for a certain time, by the addition of ammonia, or both, 
although, when ammonia is added, the temperature must be lower if 
fog is to be avoided. Ripening results in a change in the number and 
size of the grains of silver halide present in the emulsion and in their 
composition. In the presence of a solvent such as free bromide, an, 
increase in temperature causes the smaller grains to disappear and 
combine with the larger ones; although the number of grains present 
is thus reduced the average grain size is increased.1* It was long 


13 Sheppard and Trivelli, The Silver Bromide Grain of Photographic Emulsions. 
D. Van Nostrand (1921). 

14 Phot. J. 64 (1924) 360. 

15 Wilsey, J. Frank. Inst. 200 (1925) 739. 

16 Phot. J. 66 (1926) 306. 

17 Rec. tran. Chem. (4) 5 (1924) 360. 

18 Sheppard and Lambert, Colloid Symposium Monograph, 4 (1926) 281; 6 
(1928) 265, Chemical Catalog Co., New York. 
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TrIvELLI—Influence of Silver Iodide on the Sensitivity of Silver Bromide. 
J. Soc. Chem. Ind. 42 (1932) 908. 
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supposed that the increase in sensitiveness produced in the ripening 
process was the result of the increased grain size, for it is well estab- 
lished that in general the large grains are more sensitive than the 
small.18* Sensitivity is not a function of grain size alone, however, and 
the increased size of the grains in the emulsion is a necessary but not 
a sufficient condition for high sensitivity. 

Coincident with the change in the size of the crystals of silver halide 
is a change in chemical constitution. One result of the ripening proc- 
ess is probably the reduction of a part of the silver halide to colloid 
silver.° The recent work of Sheppard on the sensitivity promoting 
substances in gelatin, while it does not exclude the possibility of the 
formation of colloid silver as one of the factors in ripening, indicates 
that an important, if not the primary, factor is the conversion of the 
allyl isothiocyanates, or other sensitizing substances present in gelatin, 
to thiocarbamide which, in turn, reacts with a portion of the silver 
bromide to form sensitivity centers, or nuclei, on the silver halide 
crystal. The way in which these centers of silver sulfide promote 
sensitivity is not entirely clear; the various theories which attempt to 
explain the mechanism involved will be discussed later.”° 


18a Trivelli and Smith found that speed as measured by the H and D method 
increases to a greater degree in the digestion of small-grain emulsions than those 
of larger average grain size. Phot. J. 79 (1939) 609. 

19 Renwick, J. Soc. Chem. Ind. 156T (1920) 39; Brit. J. Phot. 67 (1920) 
447, 463. 

20 See Sheppard and Trivelli, The Silver Halide Grain of Photographic Emul- 
sions (Monographs on the Theory of Photography). D. Van Nostrand Co., New 
York. 
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The function of ammonia in ripening is apparently closely connected 
with the formation of the sensitizing substances such as allylthio- 
carbamide described by Sheppard and Punnett. 

Under given conditions of digestion the sensitiveness varies with the 
hydrogen-ion concentration. With a given emulsion the sensitiveness 
increases with increasing time of digestion to a maximum point which 
varies with the pH (or hydrogen-ion concentration) .?* 

While it might be concluded that the change in sensitiveness with 
hydrogen-ion concentration is due to the amount of silver sulfide de- 
rived from the silver bromide-thiocarbamide reaction, this does not 
seem to be entirely the case, for it has been demonstrated that the 
sensitiveness of an emulsion, which is lowered upon the addition of 
acid, is immediately restored when the hydrogen-ion concentration is 
brought back to its original value.” 

Eliminating the Soluble Salts——After ripening, the emulsion is 
chilled and the gelatin sets to rather stiff gel. It is then shredded and 
washed in cold water to remove the alkaline nitrate formed in the 
precipitation of the silver halide and the excess halide and ammonia 
(when the last mentioned is used). The excess salts may be left in 
dilute silver chloride emulsions as used for contact printing papers, 
but other emulsions must be washed to prevent the salts from crystal- 
lizing out and also because they act as desensitizers. 

The emulsion is placed in a press the bottom of which consists of a 
netting of silver wires. The pressure forces the jelly through the 
interstices of the wires breaking it up into fine shreds or “ noodles ” 
which are washed in cold running water. The quality of the water is 
a very important factor. It must be free of metallic or organic sub- 
stances which would produce undesirable reactions. The alkalinity is 
also important. A moderately hard water is desirable as it tends to 
prevent the swelling of the gelatin. For this reason the temperature 
of the wash water must be kept relatively low, not above 10° C.*?@ 

The ammonia and ‘alkaline nitrate must be eliminated as completely 
as possible or the emulsion will possess poor keeping qualities. The 
soluble halide, on the other hand, must not be eliminated completely 
for experience has shown that the presence of a small amount has a 


21 Rawling and Glassett, Phot. J. 66 (1926) 495. 

22 Rawling, Phot. J. 67 (1927) 42. Sheppard and Wightman, Phot. J. 69 
(1929) 22. 

22a F. J, Shepherd and Ilford Ltd. patented the freezing of the emulsion to 
facilitate washing. B.P. 313,631 of 1927. 
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favorable influence on the keeping qualities of the emulsion. Emul- 
sions free of soluble halide develop fog in a relatively short time. The 
effect is more pronounced in the case of highly sensitive negative ma- 
terials which by their very nature must be relatively unstable. 

After-Ripening or Digestion—At this stage, it is usual to add 
the remainder of the gelatin required for the completed emulsion, after 
which the emulsion may be again heated, usually at a lower temperature 
than before; a process known as after-ripening or digestion. This 
second heat treatment, unlike the first, has but little effect on the size 
of the silver grains but increases the sensitiveness and contrast of the 
emulsion. The increase in sensitiveness is very marked in the case of 
neutral emulsions and those containing iodide.** 

The increased sensitiveness is apparently connected with the forma- 
tion of the sensitivity centers, or nuclei, of silver sulfide. The for- 
mation of silver sulfide from thiocarbamide, and possibly from other 
sensitizing substances, is retarded by an excess of bromide. This 
tends to lend support to the theory that the reaction taking place during 
after-ripening or digestion is primarily one between the sensitizing 
substances and the silver halide producing sensitivity centers, or nuclei, 
of silver sulfide. 

The rate of digestion increases with the hydrogen-ion concentration, 
and for a given emulsion the sensitiveness varies with the time of di- 
gestion to a maximum which varies with the pH.** 

Digestion must be carried out with great care in the case of high- 
speed negative emulsion in order to obtain high sensitiveness and the 
necessary contrast without fog. 

Additions Prior to Coating.—lf the emulsion is to be kept in 
storage for some time before coating, a preservative such as thymol, 
salicylic acid, or phenol is added to prevent bacterial growth which 
would cause decomposition of the gelatin. It is then chilled and placed 
in storage where it is kept at a relatively low temperature. 

It has become a part of the commercial practice in the preparation 
of emulsions to add at various stages, but apparently chiefly immediately 

23 Carroll and Hubbard, Bur. Stand. J. Research 7 (1931) 219. 


24 Rawling and Glassett, Phot. J. 66 (1926) 495; Rawling, Phot. J. 67 (1927) 
42; Sheppard and Wightman, Phio#. J. 69 (1929) 22. 
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prior to coating, certain substances, known in the trade as “doctors,” 
to harden the emulsion, to promote flexibility, to prevent or reduce fog 
and to improve the keeping properties, or to increase sensitivity.?® 
Many of the substances are undoubtedly trade secrets; the patents 
granted in recent years, however, provide some information on the 
general direction of developments in this field. 

The addition of chrome alum, formaldehyde and acrolein, all in small 
quantities, for the purpose of hardening the gelatin layer and prevent- 
ing its softening and frilling in hot weather, has long been common 
practice. The use of these gelatin hardening agents, however, tends 
frequently to cause brittleness and a lack of flexibility, which apparently 
has been overcome, in part at least, by the addition of glycerol. In 
recent years patents covering the use of a comparatively large number 
as emulsion hardeners have been granted among which may be men- 
tioned diacetyl, acetyl benzoyl, acetyl caproyl (B.P. 444,289, Kodak 
Ltd.), aldehydes (B.P. 504,378, Kodak Ltd.) ; hydroxyaldehydes and 
di-aldehydes, as well as the aldehyde-ketones (B.P. 463,427, Kodak 
Ltd.) ; glyoxylic and formylacrylic acid (B.P. 499,648, I. G. Farben- 
industrie) ; dioxyacetone, fructose and p-oxybenzoyl (B.P. 497,023, 
I. G. Farbenindustrie) ; mucobromic and mucochromic acid (U.S.P. 
2,080,019, Eastman Kodak); 2-selenomercapto-4-hydroxypyrimidine 
and alkyl, aralkyl, aryl and arylene derivatives (U.S.P. 2,195,150 
Kendall). 

A large number of patents have been granted for substances which 
are described as “fog preventatives” or “stabilizers.” Presumably sub- 
stances of the first class tend to restrain fog in the emulsion while those 
of the second class act as stabilizers in the sense that they prevent the 
growth of fog in storage or after coating. 

The use of 6-nitro-benziminazole and several similar substances both 
as additions to the emulsion and in developers has been described by 
Trivelli and Jensen (J. Franklin Inst. 210 (1930) 287) ; phenyl mor- 
pholine (U.S.P. 2,143,802 and 2,150,702, Sheppard, Vanselow and 
Eastman Kodak Co.) ; 2-mercapto-4-hydroxypyrimidine and_ seleno- 
mercapto-hydroxypyrimidine (U.S.P. 2,232,707 and B.P. 516,005 Ken- 
dall) ; ethylene diamine hydrochloride (U.S.P. 2,113,312, Vittum and 
Eastman Kodak Co.) ; thiothiazolidine (F.P. 788,511 Gevaert) ; pheny- 
lene diamines and benzidines (F.P. 821,618 Kodak-Pathé) ; selenic acid 
(B.P. 441,625, I. G. Farbenindustrie) ; guanine and anthrapyrimidines 

25 Trivelli and Jensen, J. Franklin Inst. 210 (1935) 287; Middleton, Brit. J. 
Phot. 75 (1928) 512. 
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(B.P. 442,731, I. G. Farbenindustrie) ; di- and tri-amylamines (G.P. 
600,843, I. G. Farbenindustrie) ; di-isoamylamine propyl-hexamylamine 
(B.P. 419,579, I. G. Farbenindustrie) ; di-o-formylethylamino-diphenyl- 
disulfide (U.S.P. 1,962,133, Brooker, Staud & Eastman Kodak Co.) ;- 
diphenylamine and methyl-diphenylamine (U.S.P. 2,011,669, Zehlke & 
Agfa-Ansco), and buffer substances containing a carboxylic acid group, 
a sulfonic, a phenolic group or an enolic keto group (B.P. 492,257, 
of Kodak Ltd.). 

The dyes necessary for rendering negative materials' orthochromatic 
or panchromatic are also added at this stage. See Chapter VIII. 

The Silver Bromide Grain of Photographic Emulsions.—When 
examined under a high power microscope, the photographic emulsion 
is seen to consist of numerous semi-transparent and practically opaque 
grains of silver halide imbedded in gelatin. These grains of silver 
halide are definitely crystalline (Fig. 203) *° and of various forms and 
sizes ; the most constantly recurring forms being triangles and hexagons, 
some of which are irregular, 
while all have rounded corners, 
but occasionally a long rod-shaped 
crystal is observed. The grains 
also vary in transparency, some 
being almost completely trans- 
parent while others are nearly 
opaque. Since the opaque grains 
behave in exactly the same way as 
the transparent grains, there is no 
justification for assuming that 
they are different substances. In 
addition to these there are ultra- 
microscopic grains which are be- 
yond the limit of visibility with 


Fic. 203. Crystals of Silver Halide 
in a High Speed Photographic Emul- ; ; 
re the highest power of the micro- 


scope. Recent investigation has 
shown that these are also crystalline and have substantially the same 
structure as those of larger dimensions. There is no evidence for the 
existence of non-crystalline silver bromide in photographic emulsions. 


26 The emulsion shown in Fig. 203 has been greatly diluted in order that the 
individual crystals may be more clearly seen. Ordinary emulsions as used for 
coating of plates and film consist of many layers of such grains and contain 
from 10 to 25 billion of such crystals to the square inch, 
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The size of the silver halide grains in commercial emulsions ranges 
from the ultra-microscopic particles of less than one micron to grains 
as large as 3 or 4 microns. In positive emulsions the larger number 
of grains are either ultra-microscopic or very small, while in the case 
of highly sensitive negative emulsions, although a large number of 
ultra-microscopic grains are present, the majority of the grains are of 
microscopic size, while all are of course definitely crystalline. 

The Sensitivity of the Silver Halide Grain.—Microscopical in- 
vestigation has shown that in spite of the enormous number of grains 
of silver halide and their close proximity to one another, each indi- 
vidual grain affected by light acts as a single unit and there is no. trans- 
ference of development from one grain to another, unless the two are 
grouped together in absolute contact; a state of affairs characteristic 
of some emulsions. It has also been found that a grain is either made 
developable by a certain amount of light or it is not developable. Thus, 
we do not get partial development for a certain exposure followed by 
more for a longer exposure but up to a certain amount of light action 
the grain is undevelopable and after that amount is reached it is rendered 
completely developable. The amount of light required to make a grain 
developable represents what is termed the sensitivity of the grain. 

Investigation of the number of grains made developable by a given 
exposure shows that all the grains are not equally sensitive; because 
under such conditions all the grains would become developable as soon 
as the exposure reached a certain value. Microscopical examination 
at high powers shows that the grains of silver halide differ widely in 
size and on counting the number of grains made developable in given 
size-classes, it is found that in one and the same emulsion the sensi- 
tivity increases with the size of the grain. This does not necessarily 
mean that all large grains are more sensitive than smaller ones, for 
with different emulsions the reverse is often true, but if we keep to 
the same emulsion the larger grains.are on the average more sensitive 
than the smaller. There are, however, differences in sensitivity among 
grains of the same size and shape in the same emulsion. Sensitivity is, 
therefore, not wholly a function of the size of grain, but is due to an 
inherent difference in the grain itself. 

Long ago Abegg and Eder suggested that in the process of digestion 
a trace of the silver halide is reduced to either a sub-halide, or to silver. 
These traces they referred to as “ripening centers.” These served as 
centers for further reduction by light to form the latent image. The 
existence of specially sensitive spots in the grain of silver halide is now 
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well established. Liippo-Cramer and Renwick supposed these spots, 
centers, nuclei, or specks, as they are variously termed, to consist of 
colloid silver. However, the work of Sheppard and his co-workers on 
the sensitizing substances in gelatin seems to prove beyond all doubt 
that the sensitivity centers are composed of silver sulfide, which is pro- 
duced as a result of a chain of reactions between the sensitizing sub- 
stance and the silver halide. 

These submicroscopic specks of silver sulfide are distributed at ran- 
dom in, or on the surface, of the grains. It is believed that they cause 
a strain in the crystal of silver halide creating around them a sphere of 
weakness in the crystal structure which increases the sensitivity of the 
grains. 

We will leave to a later chapter a discussion of the manner in which 
these sensitivity centers function in the formation of the latent image. 

Grain-Size Distribution and its Relation to the Photographic 
Properties of Emulsions.—Investigation having shown that the 
individual halide grain is the photochemical unit of the photographic 
plate, the properties of the emulsion representing simply the sum of 
the properties of the individual grains modified by their positions in 
layers, a study of the effect of grain-size distribution in emulsions and 
its relation to photographic properties is of great importance. For if 
emulsion sensitiveness is merely a matter of grain-size distribution the 
emulsion maker has only to provide the conditions favorable to the 
growth of crystals of the proper size in order to produce emulsions of 
the highest possible sensitiveness or having any other required prop- 
erties. On the other hand, should it be shown that photographic prop- 
erties are not wholly, or only partially, controlled by grain-size distribu- 
tion but by other factors as well, the line of investigation must naturally 
be directed along entirely different lines. 

Before 1895 Haddon and Banks called attention to the probability of 
some relation between the size of grains and the sensitiveness of an 
emulsion and Mees in 1915 suggested that “inasmuch as emulsions are 
not homogeneous, but contain grains of all sizes, the sensitiveness of 
the emulsion will depend upon the distribution of the different sizes 
of grains, as will also the shape of the characteristic curve.” ?* Slade 
and Higson as the result of some investigations on the action of light 
on an emulsion containing grains of very nearly the same size and only 
one layer thick also concluded that the properties of the emulsion are 


27 J. Franklin Inst. 179 (4915) 141. 
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determined mainly by the relation of the different sizes of grains to one 
another and the quantity of each present.** Svedberg found that for 
every class of grains of nearly the same size in the emulsion there is a 
distinct characteristic curve.?9 

The matter was not fully investigated until Sheppard, Wightman 
and Trivelli attacked the problem by photomicrographing the grains of 
various emulsions at a magnification of 2000 times and then enlarging 
the negative five times, so that the actual magnification equalled 10,000 
times. The developed grains of a given area were then measured and 
divided into classes according to size. The data secured in this manner 
may be represented graphically by plotting the number of grains of each 
class as ordinates against the sizes of the grains as abscissae. In Fig. 
204 are shown photomicrographs of the emulsion,of a portrait film and 
a Standard slow lantern plate together with curves showing the size- 


28 Phot. J. 59 (1919) 260. 
29 Z. wiss. Phot. 20 (1920) 36. 
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frequency distribution of each. It will be observed that the grains of 
the positive emulsion are all comparatively small and uniform, the range 
being from about 0.2 to 1 micron. The high speed portrait film, on 
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Fic. 204. Photomicrographs of the Emulsion of a Portrait Film and a Lantern 
Plate with the Size-Frequency Curve of Each, 


the contrary, shows an extended range of sizes from about 0.2 micron 
to as high as 2.7 microns with a maximum close to 0.5. 
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Hypersensitizing of Emulsions.—The amount of exposure neces- 
sary to produce a developable image with a given film may be reduced 
by a number of methods. Such processes are known as hypersensitiz- 
ing and involve the use of ammonia, ammoniacal silver chloride, mer- 
cury, and exposure to a weak source of light for a period of 30 minutes 
to one hour after exposure in the camera. In general, all methods of 
increasing speed, i.e., decreasing the necessary exposure by such means 
are less effective with high speed materials than with those of lower 
speed. 

The following ammoniacal silver formula has been recommended *° 
for increasing the speed of panchromatic materials for aerial photog- 
raphy : 


Ammoniacal silver chloride 4 cc. 
Distilled water 200 ce. 


The ammoniacal silver chloride solution is made by dissolving 1.5 grams 
of silver nitrate in 50 cc. (23 grains in 2 oz.) of distilled water. Hy- 
drochloric acid is then added as long as a white precipitate of silver 
chloride is formed. The clear solution is then poured off, the precipi- 
tate washed twice and then dissolved in 200 cc. of ammonia 0.190 (7 
oz. 20 min.). The sensitizing solution, as prepared ready for use, will 
serve for six 9 & 12 cm. (3% X 4% inches) plates or their equivalent. 
The films or plates should be immersed in the solution for 2 minutes at 
65° F. (18° C.) and dried as rapidly as possible but without the use of 
heat. The time of exposure is reduced from 2 to 7 times, depending 
on the emulsion ; but films so treated will keep only a day or two before 
they begin to show fog. 

Dersch and Duir found that the exposure necessary with a negative 
material was reduced from 50 to 150% by exposing it to mercury for 
20 to 30 hours at room temperature after exposure in the camera. 
Smethurst found that the increase in effective speed varies with the 
emulsion and English reported that the results vary widely with the 
emulsion and the humidity ; no increase in effective speed being observ- 
able with a number of emulsions.** 

If an emulsion after exposure is bathed in a dilute solution of hydro- 
gen peroxide for a few minutes at room temperature an increase in ef- 

30 Jacobsohn, Amer. Phot. 1929, 20; Brit. J. Phot. 76 (1929) 315. 

31 Dersch and Diirr, J. Soc. Mot. Pict. Eng. (1937). Smethurst, Brit. J. Phot. 


84 (1937) 337. English, Amer. Phot. (1939) 90. Emmermann, Brit. J. Phot. 
Almanac (1938) 198. Hopkinson, Brit. J. Phot, 85 (1938) 183. 


248 ©O® THE PHOTOGRAPHIC EMULSION 


fective speed is obtained. The increase in speed varies with the emul- 
sion and in general increase with the pH. Thus far it has not been 
found practical as a means of hypersensitizing.** 

Quite recently it has been reported that the speed of a panchromatic 
material is increased from 2 to 4 times by a uniform exposure of from 
30 to 60 minutes to light of such intensity as will produce a fog density 
of approximately 0.2, after exposure in the camera. ‘The increase in 
effective speed is greater for low speed emulsions than for those of high 
speed and the contrast of the image is reduced slightly necessitating 
longer development. The increase in speed is not obtained with shorter 
times of exposure at higher intensity levels nor if nt exposure is made 
before exposure in the camera. 


32 Wightman and Quirk, J. Franklin Inst. 204 (1927) 731. 


Moore—Hypersensitisation of the Latent Image at High Intensity by Uni- 
form Low-Intensity Light Exposure. Phot. J. 81 (1941) 27. 


CHaAereR Vill 


COLOR SENSITIZING DYES FOR PHOTOGRAPHIC 
EMULSIONS 


Leading authorities in the field of photography generally agree that 
the expansion of the methods of optical sensitizing has been one of the 
most important factors in the advancement of the technique of photo- 
graphic emulsions. The chemical compounds which effect this sensi- 
tization process are found only in the class of substances known as 
dyes. The photographic sensitizers used before 1903 were chosen 
from synthetic dyes which were used for dyeing fabrics and other 
textile materials. After this time academic and industrial laboratories 
in Germany started research to obtain dyes having better photographic 
sensitizing properties. 

Almost all of the research and prodtction of sensitizing dyes and 
their intermediates up to 1914 was carried out under the control of two 
dye firms in Germany. The war of 1914-1918 developed a need out- 
side of Germany for better sensitizers. This resulted in the creation 
of a program of research and production of sensitizing dyes in Eng- 
land which has been extended to the United States and other countries. 

Most of the work on the development of the actual sensitizers, has 
been carried out in the laboratories of the photographic film manu- 
facturing companies. Therefore, for obvious reasons the formulas 
used and much of the information is not available for general use. 
The patent literature is of course available but many of the patents 
granted both in this country and Europe are very brief and frequently 
contradictory. "Thus, only those who have access to actual results of 
research in this field are qualified to write a complete treatise on sensi- 
tizing dyes. This chapter is a brief review of the literature. 

Classes of Sensitizing Dyes.—Sensitizing dyes, like other dyes, 
are divided into acid and basic classes. 

The Acid Dyes.—The acid class includes certain dyes from the 
acid triphenylmethane dyes, such as corallin and erythrosin, the tetra- 
iodothiaxanthenone and thianaphthenone 

The Basic Dyes.—This class includes the cyanines, the mero- 
cyanines, the pinaflavols, the hemioxonols, the basic tri-phenylamines, 
and a group of dyes recently discovered which are closely related to 
the cyanines. There are a few more new types of compounds found 
in the very recent patent literature for which the patentees’ claim 
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sensitizing properties. However, it is obvious that they cannot be 
included in this somewhat brief treatment of sensitizing dyes. 


CLASSIFICATION AND CONSTITUTION OF THE ACID SENSITIZING DYES 


The Triphenylmethanes.—This class includes Corallin (sodium 
Aurin), Eosin, Erythrosin and Rose Bengal. Corallin is of interest 
only because it was the dye Vogel used in 1873 to prevent hala- 
tion in silver halide—collodion emulsions, and by so doing acci- 
dentally discovered the principle of sensitization. Its general formula 
is (NaOC,H,), = C,H, = 0, and is produced generally by heating a 
mixture of phenol (carbolic acid) with oxalic acid and H,SO,. Its 
structural formula is: 


sno tn 0 


—ONa 


Erythrosin is of interest since it was used quite generally up to a few 
years ago either alone or in combination with other dyes as a sensitizer 
for the green. At the present time it has been largely replaced by the 
unsymmetrical and simple symmetrical cyanines of the selena, oxa and 
thia types and quite likely by the simple merocyanines. Erythrosin, 
like corallin, contains the hydroxyl or equivalent (—ONa) group, 
which characterizes them as of the acid type; in addition it contains a 
carboxyl (COOH) group. It is prepared by condensing 2 mols of 
resorcinol and 1 mol of phthallic anhydride to give fluorescein which 
is then converted to erythrosin by treatment with iodine. The struc- 
tural formula of erythrosin is: 


erythrosin 


THE NAPHTHENONES ©O® 251 


The Thiaxanthones.—These are keto type compounds and may 
be prepared by condensing 1 mol of formaldehyde with 2 mols of meta- 
aminothiophenol. The xanthones, or oxygen compounds, do not seem 
to be sensitizers. It is claimed in recent patent literature that the 
tetraiodo derivatives of the thia, selena and tellura-xanthones are good 
sensitizers for the spectral range of 520 to 610 my with a maximum of 
565 to 580 my. The structural formula of a typical compound is: 


tetraiodothioxanthone 


The Naphthenones.—These compounds are somewhat similar to 
the cyanines in general structure but do not contain nitrogen. They 
are prepared from compounds similar to indoxylic acid. It is claimed 
that their sensitizing maximum is 590 to 600 my and are therefore 
sensitizers for the orange. The following general formula will rep- 
resent the class : 
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y = sulfur, selenium or tellurium 


If y is sulfur; the dye is 3 (2) Thianaphthenone.t| The oxythia- 
naphthene and the oxyseleanaphthene rings respectively are condensed to 
form sensitizing dyes with the methine linkage by means of orthoformic 
acid ester in much the same manner as the quaternary salts of a 
heterocyclic base. Two heterocyclic groups linked by a methine, or 
series of conjugated methines, constitute the cyanines; a single hetero- 
cyclic base linked to a rhodanine type compound form the merocyanines. 
The naphthenone dyes form alkaline salts with good water solubility. 


1G.P. 582,572; B.P. 416,664. 
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The sensitizing intensity is said to be relatively good for silver chloride, 
but only moderate for silver bromide. Thianaphthenone ring com- 
pounds from thioindoxylic acid are used as intermediates for the prep- 
aration of merocyanines.” 

General Constitution of Acid Dyes.—As may be seen by ex- 
amining the chemical structures of these compounds used as illustra- 
tions, a common feature in all of the classes given is a conjugated chain 
containing an odd number of carbon atoms, linking a ketonic oxygen 
and a hydroxy-oxygen, which may be represented diagrammatically as 
follows: 


R 


nae t eed AOL 
O=C—C=C—C=C—OH, or O=CH—(CH=CH),—ONa. 


R may be H,-an-aryl (C,H;), or an alkyl\(C,H,) group... The Hor 
the OH group is usually replaced by sodium or potassium. 


CLASSIFICATION AND CONSTITUTION OF THE BASIC SENSITIZING DyEs 


The Cyanines.—The cyanines proper, as a general class, are 
probably the most important sensitizing dyes. They comprise the 
largest number of satisfactory sensitizers used in present day emulsions. 
The cyanines are characterized by containing a quaternary nitrogen 
in a heterocylic nucleus, with or without a condensed ring (or rings) 
connected or linked by a conjugated chain, with an odd number of 
carbon atoms, to a ternary nitrogen in another nucleus of the same or 
or similar constitution as the nucleus containing the quaternary ° 
nitrogen. The linking chain may be substituted or unsubstituted. 

History of the Chemistry of Cyanines.—The first cyanine dye 
was prepared by Williams of England in 1856 or about the time 
Perkins prepared mauve, the first aniline dye. Williams, like Perkins, 
was interested in substances to be used for dyeing fabrics. The 
cyanine prepared was very impure, since it was prepared indirectly 
from a mixture of compounds obtained from coal tar of which quino- 
line no doubt was the chief ingredient. Nothing was known at that 
time of the chemical constitution of either quinoline or the blue dye 
known as “quinoline blue.” The dye was unsatisfactory for dyeing 
fabrics since it was easily bleached by light, but about 20 years later 


2'U:S.P: 2,170,806. 
8 For a discussion of the terms “quaternary” and “ternary” the student is re- 
ferred to The Chemistry of Organic Compounds by Conant. 
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Vogel discovered that it sensitized silver halide-collodion emulsions. 
It proved generally unsatisfactory as a sensitizer, although the original 
preparation did extend the spectral range to the orange. 

The first important development in the chemistry of cyanines was 
the determination of the structure of quinoline and its subsequent 
synthetic preparation by Skraup in Germany about 1875. In 1883 
German and Dutch investigators (Spalteholtz, Hoogewerff and Van 
Dorp) showed independently that Williams’ cyanine and its analogues 
are condensation products formed by the action of caustic alkali and 
air oxidation on an equimolecular mixture of the alkyl iodides of quino- 
line and lepidine (see intermediates) ; although they did not know the 
true structure of this type of dye at that time. About 1883 these same 
German and Dutch investigators independently discovered the iso- 
cyanines. They were prepared by the action of caustic alkali and air 
oxidation on a mixture of the alkyl halides of quinaldine (see inter- 
mediates) and quinoline respectively. However, the actual chemical 
constitution, or structure of the isocyanines remained largely unknown 
until the classic work of Mills and Wishart of England about 1920. 
These dyes attracted little attention until about 1903 when Miethe and 
Traub took out a patent * on the application of the simplest isocyanine 
(Ethyl Red) as a sensitizer. The name used in the patent was Ethyl 
Red whick 20 years later was shown to be 1, 1’-diethyl 4’-quinoline-2- 
quinaldine iodide or 1, 1’-diethylisocyanine iodide; the iodine atom is 
retained on the quinaldine part of the finished dye. The structure of 
ethyl red is: 


N_CoHs 


fos 
About 1903 E. Konig of the Hoechst (M.L.B.) Dye Works started 
to modify ethyl red with the aim of obtaining better sensitizers, hence 
he and his associates were probably the earliest chemical investigators 
of the photographic sensitizers. Various isocyanines were soon put 
on the market ® under the names Orthochrome T, 1: 1’-diethyl 6: 6’- 


4D.R.P. 142,926 of 1903. 
5 G.P, 167,159, 167,770. 
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dimethyl isocyanine iodide; Pinaverdol (M.L.B.) or Sensitol Green 
(Ilford), 1:1':6-trimethylisocyanine; Pinachrome, 1: 1’-diethyl-6- 
ethoxyisocyanine. 

In 1903 Bayer at Elberfeld proposed the dialkyl sulfates and the 
alkyl para toluene sulfonates in place of the alkyl iodides in order to 
increase the solubility of these dyes in water. They introduced the 
isocyanines as Homokol, Isokol and Perikol. The method employed 
in the production of these dyes was fundamentally the same as used 
by Konig and is illustrated in the preparation of Homokol : tolylquinal- 
dine was treated with dimethyl sulfate to give a compound similar to 
quinaldine alkyl halides, which is then condensed with quinoline ethyl 
toluene sulfonate in alcoholic KOH solution to give the actual dye. 

In 1905 E. Konig discovered that if formaldehyde is added to the 
reaction mixture used for the preparation of isocyanines, a blue dye is 
formed. The substance so produced was named carbocyanine about 
15 years later by Pope and Mills of England. K6nig had not recog- 
nized at the time that a new type of the cyanines had been produced 
as he had assumed the dye prepared was another isocyanine. 

At the outbreak of the 1914-18 War the study of sensitizing dyes 
for panchromatic plates and aerial photography was undertaken by 
Pope and Mills ®* at Cambridge, England. The demand for these dyes 
by the allied air forces was not only met by this work, but the further 
investigations of this school led to improvements in the preparation of 
known dyes and particularly so to the development of the constitution 
and structure of many of the cyanines dyes. 

Simple Cyanines.—In 1912 Kaufmann and Vonderwahl 7? of Ger- 
many suggested the formulas now accepted for the simple cyanines 
which are derivatives of quinoline, but Mills and Pope and their co- 
workers actually proved the structure of the cyanines and isocyanines 
by analysis of the decomposition products. Mills and Pope *® showed 
that the general structure of “cyanine” or lepidine-cyanine which is 
the 4: 4’-cyanine compound is represented by: 


lepidine-cyanine or ‘‘cyanine”’ 
® Phot. J. 44 (1920) 183,253. 
7 Ber. 45 (1912) 1417. 
8 Phot. J. 60 (1920) 183-202. 
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where R is alkyl and X halogen. These lepidine-cyanines or “ cya- 
nines,” as originally known, have very little importance today. 

Mills and Wishart ® proved that the isocyanines which are the 2: 4’ 
and 4:2’ compounds have the general formula: 


eres 


They proved it by oxidizing 1: 1’-dimethyl isocyanine (I) to form 
1-methyl-2-quinoline (11) and the methyl chloride of cinchoninic acid 


(III): 


- ee A0- 


N—CH; 
pee: + 
Wey »>—COOH | Cc=—@O 
Cl | 
N—CH; 
III II 


The isocyanines have been replaced to some extent by other types of 
’ dyes. 

The formation of the 2,2’ carbocyanines from the quinoline ring was 
probably first observed by Kaufmann and Vanderwahl in 1912. How- 
ever, Fischer and Scheibe '° showed that this dye as prepared was the 
simplest 2,2’ carbocyanine and suggested the following as its structure: 


N N—C.H; 


Vis ow 
CHs I 


PINGS. 117 C1920) 579: 
10 J, Prakt. Chem. 100 (1920) s. 86. 
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Fischer proposed calling this class the pseudo-isocyanines, which was 
later simplified to “ pseudo-cyanines ” and still later to y-cyanines. 
Pinacyanol.—Mills and Hamer * showed that pinacyanol, which 
was first prepared by E. Konig in 1905, contains two quinoline nuclei 
joined by a chain of 3 methine (=CH—) groups at the 2:2’ posi- 
tions. Wise, Adams, Stewart and-Lund of the United States ?* had 
suggested that it contained two quinoline nuclei joined by a single 
methine group at the 4:4’ positions. Fisher of Germany ** suggested 


the following: 
H 
=C=C 
N N 
ia | 


C.H; I C.H; 


Mills and Hamer, however, proved these formulas incorrect by show- 
ing that: (1) Fischer’s formula was not in accordance with the 
analytical results and the “ American”? formula represented it as a 
true cyanine (lepidin-cyanine) which was not in accordance with its 
sensitizing action. W. Konig, in an article on the pinacyanols,'* con- 
firmed the structure assigned by Mills and Hamer. 

Kryptocyanine.—The 4:4’ carbocyanine structure from two 
quinoline nuclei was first prepared in 1919 by Adams and Haller 1 of 
the U.S.A. Bureau of Chemistry who named it Kryptocyanine. It 
was formed by condensing two lepidine quaternary salts with formal- 
dehyde. Mills and Braunholtz '* proved its structure to be: 


ee He Rial a 


11 JOC, Sa 117(1920)0 1550. 

12 J. Ind, & Eng. Chem. 11 (1929) 460. 
18 J. prakt. Chem. (IL) 98 (1918) 204. 
14 Ber. 15 (1922) 3293-3313. 

157, 4. C. S. 42 (1920) 266. 

16 J. C. S. 123 (1923) 2804. 
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The introduction of kryptocyanine opened up the field of extreme red 
and near infra-red sensitivity in that it sensitizes very strongly al- 
though it has the disadvantage of not sensitizing beyond 800 mp. 

Dicyanine.—This dye was first prepared and introduced in 1906 
by the Hoechst Dye Works. It was used as a sensitizer for the 
infra-red for many years before its structure was determined by Mills 
and Adams 1? in 1924. Its constitution is known to correspond to 
that of a 2: 4’-carbocyanine, having the formula: 


Sener se Pero ee 


a, NX a cac= C= 
N—C2Hs 


It sensitizes as far as 960 mp. However, it is quite unstable and dif- 
ficult to use. 

Neocyanine.—This dye which is formed in the preparation of 
kryptocyanine was, up to the end of 1931, the best known sensitizer 
for the extreme infra-red, and with it the furthest extensions of the 
spectrum were photographed. It was first recognized in 1925 by H. T. 
Clarke of Eastman Kodak Co. Hamer ** investigated its structure and 
has assigned the following formula to its ethiodide. 
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N—C,H; 


The Cyanines of Five Membered Rings.—The earliest repre- 
sentative of this class of dye was discovered by A. W. Hofmann in 
1887.19 Mills 2° of England rediscovered this dye in 1922 and found 


ECO. S. 125 1924) 1913. 
18 J, C. S. (1928) 1472. 
19 Ber, 20 (1887) 2262. 
2 aCaseiz) (1922) 7455. 
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that under the influence of pyridine a dye is formed by the condensa- 
tion of a benzthiazole and a 2-methyl-benzthiazole ring respectively. 
There was a mixture of dyes which contained chiefly a carbocyanine of 
the benzthiazole ring. Little progress was made in this field, however, 
until W. Konig *1 applied the ortho-formic acid ester synthesis, which 
simplified the condensation of the quaternary salts of 2-methyl-benz- 
thiazole to carbocyanines. K6nig’s synthesis of ortho-formic acid ester 
was soon applied to the benzoxazole ring dyes ?? by Clark ** in England, 
and by various workers to the dyes containing the methylized indol 
ring condensed with the benzene ring. 

Up to 1927 the reactive group, or atom, in the quinoline and con- 
densed five membered ring compounds was the methyl group or 
halogen atom attached to the alpha (2) or gamma (4) carbon atom 
relative to the ring nitrogen in case of quinoline, and to the alpha 
carbon in the five membered rings. In 1927, R. Walter in Germany 
showed that mercapto or thio alkyl ether (—SR) possesses an extra- 
ordinary reactivity with active methyl groups. This method was ap- 
plied to the preparation of all types of cyanines, especially 2,2’ and 
also 2,4’ monomethines (carbocyanines) with a great improvement in 
yield. 

The selena y-cyanines ** in particular have proved to be more energetic 
sensitizers than erythrosin and retain their sensitizing power even in 
the presence of stabilizing agents such as KBr. Thus it was possible 
to prepare commercially an orthochromatic emulsion of high general 
sensitivity. These selena and other cyanines have almost completely 
replaced erythrosin. 

Other methods of condensation have been discovered within the 
last few years which have increased the yields of some and permitted 
preparation of other dyes which previously could not be prepared by 
older methods or if prepared could not be recovered from the reaction 
nuxture. The various methods of preparation of the five membered 
ring compounds, with or without condensed rings, have been extended 
to dyes containing ring systems almost unknown ten years ago. New 
dyes, and improvements of old, are constantly being made until it seems 
that the field must be covered except for certain improvements in yields, 


21 D.R.P. 410,487 of 1922. 

22 Konig and Meier, J. prakt. Chem. 109 (1925) 324. 
23M. Clark, Je G.3S.1(1928) 52313. 

24 Walter and Durr, D.R.P., 631,287, 658,192 of 1931. 
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nevertheless new dyes appear in the patent literature with frequent 
regularity. 

Recent Progress in Infra-Red and Polymethines.—In 1912 W. 
Konig ?° prepared an acetal of certain aldehydes such as propargyl 
aldehyde and beta-ethyoxy acrolein, and also indicated a method for 
the preparation of carbocyanines with a carbon chain of more than 
three carbons. Evidently the methods employed by Konig were not 
successful since the first long carbon-chain dye did not appear in the 
literature until about 1930, when Beattie, Heilbron and Irving 7° dis- 
covered a group of dyes and named them dicarbocyanines; the linkage 
is through a five-carbon chain. Kendall *’ also prepared a dicarbo- 
cyanine about 1931 from quaternary salts of heterocyclic compounds 
by use of an acetal of propargyl aldehyde. 

The next important development in infra-red sensitization was in 
the preparation of the tricarbocyanines almost simultaneously by three 
independent groups of workers of whom Wahl in Germany was the 
first,?*> Miss Hamer of England *° and Piggott and Rodd also of Eng- 
land. The work of all three groups is based, first on the work of 
Zincke and his co-workers in Germany about 1904, who showed that 
a long chain carbon compound such as glutaconaldehyde could be pre- 
pared in a very unique manner, and second, on the “displacement 
process” of Konig (see preparation of polymethines). 

Tetra and pentacarbocyines or those containing a chain of nine and 
eleven carbon atoms respectively have been prepared by methods similar 
to those used in the tricarbocyanines. These chains of the first tetra 
and pentacarbocyanines contained the oxyacyl group in the side chain. 
It was prepared by condensing two benzthiazole nuclei with a ketonic 
acid. The chain contains a ketonic oxygen. Recently tetra and 
pentacarbocyanines have been prepared with unsubstituted methine 
chains. The most recent development is that of O. Riester of Ger- 
many *° who has produced a benzthazoline dye containing a chain of 
fifteen carbon atoms. 


25 J. prakt. Chem. 85 (1912) 519; 86 (1912) 173. 
267. C. S. (1932) 260; B.P. 353,887 of 1930. 

27 B.P. 390,808. 

28 D.R.P. 499,967 of 1928. 

29 B.P. 351,555 and 354,826 of 1930. 

30D), Anm. I 57303 IV a/22e; F.P. 834,718 of 1938. 
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CYANINES CLASSIFIED 


The Simple Cyanines.—They consist of two heterocyclic nuclei 
which are linked together by a single methine (—CH) group. 

The quino and pyrido cyanines, which are derivatives of quinoline 
and pyridine respectively, are divided into the three classes: cyanine, 
isocyanine and pseudo or w-cyanines. 

Cyanines.—They are characterized by the 4,4’ carbon linkage 
(see History of Cyanines) and may consist of two quinoline nuclei, 
of two pyridine nuclei, or of one quinoline nucleus and one pyridine 
nucleus respectively. Some of these combinations have not been made 
but are theoretically possible. They are important chiefly from an 
historical viewpoint. 

Isocyanines.—These dyes contain the 2:4’ or 4:2’ linkage; like 
the cyanines they may consist theoretically of a variety of combinations 
using the quinoline and pyridine nuclei with or without condensed 
rings. So far as is known only the quinoline derivatives have been 
prepared. Ethyl Red, Pinaverdol and Pinachrome are in this class. 

Pseudo or y-Cyanines.—These are the corresponding 2,2’-com- 
pounds and like the cyanines and isocyanines may include a variety 
of combinations using the quinoline nucleus and the pyridine nucleus 
with or without condensed rings. Like the cyanines and isocyanines 
the quinoline derivatives were the first to be prepared. Hamer and 
Kelly ** of England have described dyes containing pyridine and beta- 
naphthoquinoline. The patent literature shows that other combina- 
tions have been made. These dyes are not as important as the various 
compounds containing one or two 5-membered heterocyclic rings. 

Heterocyclic 5-membered Ring Symmetrical Thiazoles—It is 
obvious from a consideration of the structure of thiazole with or without 
a condensed ring or rings that combination can take place in one position 
only, i.e., at the carbon atom in the alpha (first) position to the nitrogen 
of the nucleus. The structure of methyl benzthiazole ethiodide will 
serve as an illustration of the thiazole nucleus. 
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The symmetrical thiazoles consist of two thiazole nuclei with or with- 
out condensed rings connected by a methine group. The methyl group 
(or halogen) in the 2-position is the reactive part of the molecule in 
the condensation reaction by which the simple cyanines are formed. 

The trinuclear cyanines of the thiazole type may be included in this 
class since the three nuclei are connected by two methine groups. A 
patient ** assigned to Eastman Kodak Co. lists dyes of this class which 
contain three benzthazole, benzoxazole or selenazole nuclei respectively. 
They were obtained as by-products of the dinuclear cyanines. They 
are similar to neocyanine. The patent claims that these dyes increase 
the normal sensitivity of photographic emulsions, both as to intensity 
and range. 

The symmetrical ozaxoles, selenazoles and indoles have the same 
structural configuration as the thiazoles. The following illustrations 
will show the structure of the various nuclei respectively : 
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I. UNSYMMETRICAL SIMPLE CYANINES 


An example will serve to illustrate the structure of a typical unsym- 
metrical cyanine: 


CoH 2 eH 
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82U.S.P. 2,108,845. 
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This is one of the very recently prepared unsymmetrical cyanines of 
the pseudo or 2,2’ class. It is prepared by condensing 5-phenyl-2 
methyl-benzoxazole ethiodide and 6-methoxy-2-ethyl thiol-(-S-C H) 
quinoline ethiodide. The dye might be named 5-phenyl-2  ethyl- 
benzoxazoline-6 methoxy-2 ethyl-quinoline pseudocyanine. 


Il. THe CArBocyANINES 


1. From Quinoline or Pyridine nuclei there are the 4:4’, 2:2’ and 
2:4’ linkages corresponding to the originally named compounds of 
Kryptocyanine, Pinacyanol or Sensitol Red, and Dicyanine. Neo- 
cyanine is similar to Kryptocyanine except that the central carbon atom 
of the 3-carbon chain has its hydrogen replaced by a lepidine ethiodide 
residual nucleus. These are important dyes since they furnished the 
first panchromatic and the first infra-red sensitizers, and also furnish 
at the present time several important sensitizers. 

2. Symmetrical Carbocyanines from the 5-membered ring-compounds. 
These compounds contain only one type of linkage, i.e., 2: 2’ combina- 
tion. In this class are found many of the best sensitizers for the yellow. 

3. Unsymmetrical Carbocyanines. There are the same possibilities 
as to number of dyes in this class as is found in the unsymmetrical 
simple cyanines (q.v.). The first unsymmetrical carbocyanine dye 
was probably prepared about 1929 or 1930 ** although as first prepared 
some of the symmetrical dyes of the two or more possible combinations 
were also formed. In some cases a complete or even partial separation 
of the dyes is not possible. New processes have been developed how- 
ever by all firms producing unsymmetrical sensitizing dyes, which, it is 
claimed, prevent the formation of symmetrical dyes. 

4. Unsymmetrical Chain Substituted Carbocyanines. In 1928, Miss 
Hamer of England prepared three thiocarbocyanines containing a 
methyl group ** substituted on the central or meso carbon of the chain. 
It was observed that the sensitizing bands moved slightly to the short 
wave end of the spectrum, as compared to the normal carbon chain, 
thus partially filling the depression in the green. It was further ob- 
served that the intensity of sensitization was materially increased in the 
green and yellow. 

Many representatives of this ‘class have been prepared since 1928; the 


33 D.R.P. 539,784 of 1929. 
34 Hamer, J. C. S. (1928) 3160. 
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chief meso-substitutes are: CH,, C,H,, C,H, and CH,C,H,, although 
the phenyl, nitrophenyl, furyl and other groups have been used.** This 
type of substituted compound coupled with those substituted in the 
rings has made these dyes very important intensive sensitizers for the 
red; there are also some good sensitizers for the orange, yellow and 
green in this class. The dyes from the benzthiazole nuclei yield a sen- 
sitivity, it is claimed, which is four to eight times higher than the old 
pinacyanol emulsions and at the same time have good stability and 
clarity. 

There are symmetrical and unsymmetrical compounds of quinoline, 
pyridine and of the various 5-membered rings with or without con: 
densed nuclei.. The dyes of the thia condensed heterocyclic rings of 
the symmetrical type are used most generally, although the oxa and 
selena dyes of the same type have been used to some extent. 


III. PoLyMETHINES 


1. Dicarbocyanines or Pentamethines. They contain a 5-carbon 
chain with or without alkyl, aryl or other group substitutions in the 
chain. The substitutions may be on the different carbons of the chain. 
Examples of this type are given in a patent ** assigned to the Agfa 
Ansco Co. If the five carbons of the chain are designated according 
to the Greek alphabet beginning at the quaternary nucleus, the substi- 
tutions of groups may be found on the a, B, y, 8 (delta), and « carbon 
atoms. An example i$: 


H,C 
CH;C.CO.HN AS y HCHsH # 


VEG SO. OC. He 


CoHs CoHs 


The dye is named bis- [3-ethyl-6-acetylamino-benzthiazole-(2) ]-y- 
methyl pentamethine monoethylsulfate. A dye of this configuration 
has a maximum of absorption at about 670mp. The substituted £- 
ethoxyacrolein acetals are used as linking agents. There are symmet- 


35 U.S.P. 2,112,140 of 1938. 
36 U.S.P. 2,104,064. 
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rical and unsymmetrical compounds of quinoline, of pyridine and of 
the various 5-membered rings with or without condensed nuclei. The 
most important compounds are those containing sulfur and selenium. 
Of the quinoline derivatives only the symmetrical 4: 4’ compounds are 
mentioned. 

2. Tricarbocyanines or Heptamethines. They contain a 7-carbon 
chain with or without substitutions on the carbon atoms of the chain. 
The substitutions are similar and in similar positions to those in the 
dicarbocyanine chain. Only the symmetrical nuclear thia-compounds 
seem to have been prepared and used. The unsubstituted and substi- 
tuted glutaconaldehydes respectively are used for this class of cyanine. 
They are sensitizers for the range 650-1050 mp. <A patent *” assigned 
to Agfa Ansco gives examples of thia tricarbocyanines containing a 
substituted chain. Intermediates were used which give an acetyl-oxy 
(CH,CO.O-) group substituted for hydrogen in one of the seven 
methines of the chain. 

3. Tetra- and Pentacarbocyanines. These dyes contain a carbon 
chain of nine and eleven carbon atoms respectively. A study of the 
previous classes of cyanines will show that there are almost an un- 
limited number of possible compounds in these two groups. However, 
the chief representatives which have been prepared are the symmetrical 
benzthiazole, selenazole and indole compounds containing various sub- 
stitutions in the ring such as alkoxy, alkyl, aryl and naphthyl with an 
acetyl-oxy group in the carbon chain. The work of development of 
these polymethines is due almost entirely to W. Konig and his co- 
workers in Germany. The structural configurations ascribed to these 
dyes ** were classed as probable. Examples of the structural configura- 
tions will be given under the préparation of cyanines. 

Intermediates for the Cyanines.—The substances classed as di- 
rect intermediates or what are known as beginning materials for prep- 
aration of the actual cyanine dyes, may be divided into two classes, e.g. 
(1) cycloammonium salts and (2) linking agents for these salts. 

1. Cycloammonium salts. "The most commonly used are, (a) quinal- 
dine ethiodide, (b) 2-methylbenzthiazole ethiodide, (c) 2-methylbenz- 
selenazole ethiodide, (d) 2-methylbenzoxazole ethiodide, (e) 1, 2, 3, 3- 
tetramethyl indolenium iodide, (f) lepidine ethiodide. The structural 
formulas are as follows: 


87 U.S.P. 2,104,004 of 1938. 
88 U.S.P. 2,158,287 of 1939. 
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ene » AON T Z ni 
() (CH,) or C,CHs (4) 


CHs 
\ 
2C CHg 
<4 3 
USO A x 
HS acon 
(f) = 


These compounds may be considered as derivatives of quinoline, benz- 
thiazole, benzselenazole, benzoxazole, dimethyl indole or dimethy]- 
benzpyrrole and quinoline respectively. The corresponding single ring 
compounds are used to some extent in the preparation of the cyanines 
but are not used as extensively as the condensed ring compounds, chiefly 
because the latter are better sensitizers than the corresponding single 
ring cyanines. The structures of the corresponding single membered 
ring compounds are: 


S Se 
\ we Va 
| Gc H—c 
Baie) 2 | oH a I Pome 
Pe ee A 
Chel YatN Ware 
Grae) CH I 
(a) (d) (c) 
CH; GH: 
YF 
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Ve as |CHs 
H—C a \ 
| CCH, I omer | 
ae iz <7 Y 
\ 
a »s Ge at, I 
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They are the ethiodides of (a) 2-methyl pyridine, (b) 2-methyl-thiazole, 
(c) 2-methyl-selenazole, (d) 2-methyl-oxazole, (e) 1, 2, 3, 3-tetramethyl 
pyrrole, and (f) 4-methyl pyridine. These compounds are considered 
as derivatives of pyridine, thiazole, selenazole, oxazole, 1, 1, 2-trimethyl 
pyrrole and pyridine respectively. 

In addition to the one and two ring structures, there are the three 
ring compounds : 


O O 
ae 
C—CHs (or I) C—CHs (or I) | 
ie 
esi VA 
N | N 
Pina oa ss 
OH, I Gries 
2-methyl-a- 2-methyl-6- 
naphthoxazole naphthoxazole 


Most of the intermediates given as illustrations were known for some- 
time before any organized effort was made to prepare cyanines for pho- 
tography. There have been very few compounds discovered since the 
chemistry of cyanines began to develop which have been used to pre- 
pare cyanines. These new compounds generally are not new struc- 
turally but modifications of old structures prepared by substitution of a 
more active group for a less active group or atom. An example is 2- 
phenyl thioquinoline ethiodide. It is prepared by treating 2-iodo quino- 
line ethiodide with a mercaptan such as phenyl mercaptan (thiophenol) 
in presence of triethylamine and absolute ethyl alcohol. The reaction is 
represented diagrammatically as follows: 


e on I +H|SCsH5+ (CoHs)3N— —SC,H;+ (C.Hs)sNHI 
Y henyl _ triethyl- 
ye i tees ani 
Ars ees 
CoH; I CH; I 
2-iodo quinoline 2-phenyl thiol quinoline 


ethiodide ethiodide | 
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The reactive group of this molecule is the arylthiol, the presence of 
which in certain intermediates has made it possible to prepare the cya- 
nines which were previously known but as prepared by the older meth- 
ods were of no value as sensitizers. The simple cyanines of the oxa- 
cyanines class are the best examples. This intermediate also permitted 
the preparation of the unsymmetrical simple cyanines, such as the 
oxathia, indoxa and indothia. 

The greatest progress which has been made in the development of 
intermediates for cyanines has been along the lines of ring substitutions, 
ie., replacements of hydrogen attached to ring carbons in the benzene 
and naphthalene nuclei attached to the respective heterocyclic nucleus. 


Ring Substitutions——The groups which have been substituted 
into the respective rings are: alkyls, such as CH, C,H, and C,H,; aryl 
and alkaryl, C,H, and C,H,CH.—; alkoxyl, such as O—CH, and 
O—C,H,; halogens; amino and substituted amino group; acetylamino 
or NH COCH,. If the system of numbering is employed as given in 
the illustrated structural configurations the quinoline nuclei are substi- 
tuted in the 6- or 7-position, and the five numbered nuclei in the 5- 
and 6-positions. Halogens substituted into the ring tend in general to 
depress the intensity of and shift the spectral sensitiveness toward the 
red. 

The object of the ring substitutions in general is to increase the in- 
tensity of sensitization. It is impossible to determine in advance the 
effect of ring substitutions even when the behavior of the corresponding 
symmetrical dye is known. For example, the substituted benzoxazole 
ring increases the intensity considerably, the substituted indol ring only 
a slight amount but the substituted unsymmetrical indo-oxocarbocyanine 
increases the intensity very markedly. It is understood here that the 
same group is used in each of the ring substitutions. 


Preparation of Cycloammonium Salts.—These compounds are 
sometimes called quaternary salts. The following are examples: 


1. Quinaldine or 2-methylquinoline ethiodide. It is prepared by the 
interaction of the aldol of acetaldehyde, aniline, nitrobenzene and sul- 
furic acid (Doebner-Miller reaction) : 
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CHO 
aS 
on = 
| 
NH: CHOH.CH; 
aniline aldol of 
acetaldehyde 
~ 
| + C.H;I = 
EAGH ain CH, 
Me iodide N 
quinaldine eA 
quinaldine 
ethiodide 


2. 2-methyl-benzthiazole. Aniline is treated with acetic anhydride 
to form acetanilide which is then treated with phosphorus pentasulfide 
to give the corresponding thioacetanilide. This compound is then oxi- 
dized by means of potassium ferrocyanide to give 2-methyl-benzthiazole. 
The ethiodide is obtained by refluxing with ethyl iodide. 

3. 2-methyl-benoxazole. Ortho aminophenol is treated with acetic 
anhydride which effects the condensation. The process of preparation 
of this compound is known as the method of Ladenburg.*® 


O 
CH;CG—=O va 


pp = C—CH;+H,0+CH;COOH 
ESS) 
He CH;C=O sewes 


—OH 


Quaternary Nitrogen.—The quaternary nitrogens are obtained 
by boiling the respective heterocyclic base with an alkyl halide, alkyl 
paratoluene sulfonate, dialkyl sulfate, alkyl perchlorate, hydroxyalkyl 
sulfate and alkyl nitrate. Those most commonly used are the ethyl 
iodide (or methyl iodide in case of the indole compounds), ethyl para- 
toluene sulfonate, diethyl sulfate, ethyl perchlorate, B-hydroxy-ethyl- 
iodide and ethyl nitrate. The structural formulas of 3 are given: 


89 Ber, 9 (1876) 1524. 
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CH; 
Int dal 
C,H;—O—SO,, HO—C—C—I 
Int Jal 
O 
B-hydroxy- 
/ solidi 
SO3.C2Hs C:H; 
ethyl para di ethyl 
toluene sulfonate sulfate 


The group attached to the quaternary nitrogen has very little influence 
on the intensity or range of spectral sensitivity. The use of the groups 
depends on the results desired. For example, a symmetrical dye is 
prepared as the alkyl paratoluene sulfonate which as such could not 
be recovered satisfactorily from the reaction mixture. It is changed 
to the ethiodide by treatment of the solution of dye as prepared with 
KI, in order to precipitate the dye. It is known also that the ethiodide 
is a better sensitizer than the corresponding ethyl paratoluene sulfonate. 


LINKING AGENTS 


All true cyanine dyes are the result of the linking of two heterocyclic 
nuclei or rings by a methine (= CH—) group or a chain of methines. 
These linking groups are formed during the process of condensation 
either directly or by the stepwise method. 

Simple Cyanines or Monomethines.—The linking agent for: the 
monomethines, or simple cyanines, is an active methyl or CH, group, 
which is contained in one of the two heterocyclic nuclei used. For the 
quinocyanines, the CH, group must be in the alpha or gamma position 
to the nitrogen of the ring to be active. In case of the thio-, seleno-, 
oxy- or indolene compounds, the methyl group must be on the carbon 
atom between the respective elements S, Se, O or == C(CH,), and the 
nitrogen atom of the ring—e.g. the 2-position for the 5-membered rings. 

Carbocyanines or Trimethines.—The first substance used as a 
linking agent was formaldehyde. It is of importance only because it 
was discovered in 1905 that by using this compound a new type of dye 
could be obtained. It was used as the linking agent in the preparation 
-of all of the various carbocyanines up to about 1922. The orthoformic 
acid esters were discovered in 1922, and since then have been used very 
extensively. 
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There are many other substances used as linking agents for the carbo- 
cyanines, as shown by the patent literature. Some of these are: the 
ortho esters of propionic acid, m-butyric, m-valeric, n- and iso-caproic, 
phenylacetic, phenyloxyacetic and benzoic acid, tetraethyl orthocarbonic 
acid ester, diorthoformyl methylaminodiphenyl disulfide and diphenyl 
formamidine. It is believed that the use of ethyl orthoformate gives 
better results in most cases for the preparation of the carbocyanines 
than any of the other linking intermediates. For the ring substituted 
dyes the acetyl-methylene derivatives of one of the heterocyclic nuclei 
are used. 

Dicarbocyanines or Pentamethines.—The most important link- 
ing agent for the preparation of the symmetrical pentamethines is beta- 
ethoxyacrolein acetal, and for the unsymmetrical dyes an allcyl substi- 
tuted form of this compound is generally used. It was probably used 
as the first linking agent in the preparation of cyanines of this class. 
The preparation of the dye was based on the ideas contributed by 
Konig.*? Kendall (B.P. 390,808) used an acetal of propargyl aldehyde 
to prepare dicarbocyanines. 

Tricarbocyanines or Heptamethines.—One of the linking agents 
for the dyes of this class is glutaconaldehyde, dianil hydrochloride and 
what is described in the literature as the free form of glutaconaldehyde 
which is formed by the action of NaOH solution, on 2,4-dinitrophenyl- 
pyridinium chloride. The tricarbocyanines were discovered independ- 
ently by three groups of workers of whom Wahl in Germany was the 
first (D.R.P. 499,967 of 1928). Miss Hamer of England (B.P. 351,- 
555 of 1930; 354,826 of 1930) and Piggott and Rodd of England (B.P. 
355,693 of 1930) also prepared tricarbocyanines using this linking 
agent. The work of all three groups is based first, on the work of 
Zincke and his co-workers in Germany about 1904-1905, who showed 
that the pyridine ring of 2,4-dinitrophenyl-pyridinium chloride may be 
broken open in the usual manner, to give 2,4-dinitroaniline and pre- 
sumably the enolic form of glutaconaldehyde and second, on the “dis- 
placement process” of Konig. 

There have been several new linking agents for the heptatiethines 
prepared and used quite recently, many of which are dyes although un- 
satisfactory as sensitizers. Most of these intermediates give methyl or 
acetyloxy substituted chains in the finished dyes. Examples with the 
probable structural formulas are: (1) ¢-phenylimido-a-phenylamino- 


40 Konig, J. prakt. Chem. (2), 86 (1912) 173. 
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(y-methyl-a, y-pentadiene)-hydrochloride, 


CH; CsHs 


| 
CsH; _N=CH—CH=C—CH=CH—N 
We Cherny. <p a a 
H Cl H 
(2) 8-methyl phenylimido-a-methyl phenylamino-(£-acetyloxy-a, y- 
pentadiene) -perchlorate, 


O—CO.CH3; CeéHs 


| 
CsHs—N=CH—CH=CH—C=CH—N 


fe ee 
CHs ClO, CHs 


The latter is prepared by condensing furfurol, monomethylaniline and 
a perchlorate with acetic anhydride. Substituted glutoconaldehydes are 
also used for the chain substituted dyes of recent discovery. 

Tetra- and Pentacarbocyanines or Nona- and Undecamethines. 
—The linking agent first used for the nonamethines is the residue of 
4-acetoxy-A 3, 5-heptadiene-1, 7-dial di-tetrahydroquinonolide perchlor- 
ate; its preparation is believed to be chiefly the result of the researches * 
of W. Konig, and others in Germany. The linking agent first used 
for the undecamethines, or pentacarbocyanines, is 4-acetoxy-A 3, 5, 7- 
nonatriene-1, 9-dial di-tetrahydroquinalide perchlorate. 

More recently the azomethine compounds have been prepared and 
used for both the tetra- and pentacarbocyanines. An example is the 
acetyloxy heptamethine azo compound of tetra- hydroquinoline per- 
chlorate: 


COCH 3 
1 
H2C N =CH—CH=CH- C —CH-—CH=CH-—N CH, 
C C C104 C C 


The imido-amino acetyloxy substituted dienes, similar to the example 
given under heptamethines, may also be used for both the tetra- and 
pentacarbocyanines. There are many different combinations which 


41 Ber. 67 (1934) 1274. 
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have been suggested recently but the examples given are sufficient to 
illustrate this class of compounds. 


PREPARATION OF THE CYANINES 


The fundamental conceptions developed in the realm of free research 
have contributed very much to the development of the cyanine dyes. 
Examples. are the syntheses of Skraup and of Dobner and von Miller 
about 1885 in the quinoline series; the work of Kaufman and Vonder- 
wahl about 1912 on the constitution of the monomethines, and that of 
Zincke and his associates about 1904 on the rupturing of the pyridine 
nucleus which made possible the development of the tricarbocyanines. 
However, most of the work in the development and preparation of the 
cyanine dyes has been carried out in the laboratories of the photographic 
industry. 

Probably the most outstanding research work in the development of 
the actual sensitizers was carried out by Mills and Hamer *? about 1920, 
when they proved the structure of Pinacyanol (M.L.B.) or Sensitol 
Red (Ilford )and, therefore, settled the question of the constitution of 
the chain cyanines. 

Simple Cyanines.—In this group are the lepidine-cyanines (cya- 
nines), isocyanines and pseudo or y-cyanines, the symmetrical hetero- 
cyclic cyanines of the five-membered rings with or without condensed 
nuclei, and also substituted condensed and uncondensed nuclei, and the 
unsymmetrical cyanines of the many possible combinations using quino- 
jine, or pyridine, and the various heterocyclic five-membered ring com- 
pounds. Only a brief resume is given for the preparation of the dyes 
of this class. Cain and Thorpe in The Synthetic Dyestuffs and Inter- 
mediate Products, 1933, give the methods of preparation which were 
used up to 1925-30. Since then new methods have been introduced 
which give better yields although fundamentally the new methods are 
not much different than the older. 

The preparation of the simple cyanines consists in the condensing of 
two heterocyclic nuclei, with or without condensed rings, and containing 
nitrogen, one of which contains a reactive methyl group and a reactive 
halogen (chiefly iodine), a reactive hydrogen or thiol group such as 
—SC,H, in the presence of a basic condensing agent. A reactive 
group in the quinoline and pyridine derivatives must be in the 2- or 4- 
(a or y) positions relative to the nuclear nitrogen and attached to a 


adie (Go So tO, (UUAD) EOS G2. 
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carbon atom. In the five-membered ring derivatives the reactive group 
is in the 2- or a-position relative to the nuclear nitrogen and also at- 
tached to a carbon atom. 

Condensing Agents for Simple Cyanines.—In the preparation of 
the earlier monomethines potassium or sodium hydroxide in alcoholic 
solution was generally used: These have been displaced to a consider- 
able extent by the strong organic bases such as: triethylamine, trimethyl- 
amine, piperidine, triethanolamine, N-butylamine, diethylamine, alkyl- 
aminoalcohols, and guanidine carbonate. These organic bases are gen- 
erally used with pyridine as a solvent for the dye intermediates. In 
some cases pyridine acts as a condensing agent. Recently ** anhydrous 
potassium carbonate in absolute ethyl alcohol has been proposed as a 
condensing agent; it is also a binding agent for the acid produced in the 
condensation process. In general, however, triethylamine seems to have 
proved the best condensing agent for the monomethines. It is believed 
that the mechanism of the reaction in the preparation of the dye consists 
in the removal of acid (HX) from the cycloammonium salt to give a 
free but unstable methylene base which unites with a second molecule 
of a salt to form the dye. The following diagrams will illustrate the 
preparation of a pseudocyanine, 


—HI 
— 
Y/ —CH, ES(Clals 
N N 
oe R 
R gel 
cycloammonium salt methylene base (unstable) 


—HI 
+ Methylene — 
\/ 1 Base —_CH=C— 
N N 
7a | 


N 
(CA | CHa ol 
2-iodo quinoline ethyl iodide monomethine dye 
This method is generally used for the preparation of the symmetrical 
cyanines of this class using all of the various possible combinations. 
However, it has been discovered within the last 10 to 12 years that 
symmetrical 2,2’ and also 2,4’ monomethines are prepared with better 


43U.S.P. 2,120,322 of 1938. 
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yields and in a purer form if the alkyl thiols are used in place of 
iodine. This applies particularly to the 5-membered nuclei containing 
the benzene or naphthalene ring structure. The alkyl thiols are pre- 
pared by condensing a thioether or aryl mercaptan with a quaternary 
salt having a reactive methyl, or halogen, to form, for example, a 
2-ethylthiol of benzselenazole ethiodide with the general formula of: 


es wo Gi: 
Weel — 4 
aS Ve ENG £57 i 
N N 
LS | 
CoH; I CoHs 


probably the active form 


The alkyl thiols are said to possess an unusual reactivity with active 
methyl groups. The reaction proceeds diagrammatically as follows to 
form a 2,2’ cyanine: 
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CoH, iI CoH; 
2-methy] benzselenazole active form of 
ethiodide 2-ethy! thiol 
selenazoline ethyl 
Se een iodide 
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C H 5 I CoH 5 
3,3’ diethyl-2,2’-benzselenazoline iodide 


This is a good sensitizer for the green and yellow, being many times 
more energetic as a sensitizer than erythrosine. However, ring sub- 
stituted compounds of other nuclei are said to be even more active 
sensitizers for.the green and yellow than this selenapseudocyanine. 


CARBOCYANINES OR TRIMETHINES ©O® ZES 


Carbocyanines or Trimethines.—The patent literature indicates 
that the carbocyanines are the most numerous of all the cyanines. 
Mills and Pope in an article in the Photographic Journal of 1920 have 
given methods for the preparation of about eighteen different dyes. 
Formaldehyde was used as the linking agent and sodium or potassium 
hydroxide as the condensing agent. Since the use of orthoformic 
acid ester has supplanted the formaldehyde method, the following 
diagram using ethyl orthoformate will be used as an illustration of the 
preparation of a carbocyanine with pyridine as the most generally used 
solvent, although acetic anhydride is used as a solvent in case of the. 
oxazole derivatives. 


eer y ak Srteg ae 


H = 
O°C [ilp+(CeHs O)g= C—[ OCaHs +H }-C-C 
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where y = —CH = CH—, —S—, —Se—, —O—, or —C(CH,).—; 
y’ may or may not be the same as y. The first dye of technical im- 
portance in this group was Pinacyanol which, however, has largely 
been replaced by other dyes. 

The greatest number of new cyanine dyes, new processes and im- 
provements in old process have occurred in the field of the carbo- 
cyanines, the most important development being the preparation of 
unsymmetrical dyes of all kinds and classes of carbocyanines, of higher 
activity than any so far known of this class. 

The unsymmetrical dyes have been prepared by condensing a ring 
heterocyclic nucleus containing an active aldehyde group with a qua- 
ternary salt of heterocyclic rings having a reactive methyl group. 
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Symmetrical dyes of this class may also be prepared by this method. 
The active, or so-called w-aldehyde, is prepared by a rather complicated 
process which consists in first preparing an amidine by condensing 
formylaniline and tetrahydroquinoline in presence of phosphorus tri- 
chloride. The amidine so formed is then condensed with a quaternary 
salt of a heterocyclic nuclei by means of acetic anhydride to form a 
compound of the formula: 


CHs CHs 
peey4 


: ea 
COTE : 
C—C=C—N CH.+ aniline 
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This compound is then treated with NaOH to give the w-aldehyde: 
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The aldehyde so named is then condensed for example with 2- 
methylbenzoxazole ethiodide, by means of acetic anhydride, to give an 
unsymmetrical dye which is said to be a highly active sensitizer or 
what is known as a supersensitizer. The reaction product so formed is: 
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These processes were originally developed largely in Germany. To 
obtain a substituted chain compound ethyl ortho esters have been ‘used. 
However another commonly used method of preparation for the sub- 
stituted chain carbocyanines is by the condensation of an acetyl methyl- 
ene derivative ** of a quaternary salt of a heterocyclic nuclei containing 
an active methyl group in presence of an acid condensing agent. The 
acetyl methylene compound is obtained diagrammatically as follows: 


S S CH; 
7 NS excess fe SS | 


C—CH;+Cl—CO.CH; — C=CH—C=0O 
7 pyridine SZ 
EN | 
CH | C.H; 


This ketonic compound is then condensed with a quaternary salt by 
means of acetic anhydride to give a chain substituted dye of the sym: 
metrical or unsymmetrical type with or without ring substitutions. An 
example of an unsymmetrical dye is as follows: 


0 GH > 
ve ae | H Sia Ss acetic 
C—CH;+0—=C—C=C = 
N VE aS os anhydride 
N N 
Vor | 
CLHs I C,H; 
2-methylbenzoxazole acetylmethylene 
ethiodide 3-ethylthiazoline 


We CH; VS 
Se-cied-c-e | 
Ree ig ey 
‘ 1 
ad s CH; 


8B methyl-2:2’ diethyl a, y-benzoxazol-benzothiacarbocyanine iodide. 

Dicarbocyanines or the Pentamethines.——The dicarbocyanines 
are not considered as important as the tri-, tetra- and pentacarbocya- 
nines. The most important method of preparing these compounds is 


44 Brooker and White, U.S.P. 2,112,139 of 1938. 
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by the condensation of two cycloammonium salt molecules with one 
molecule of beta-ethoxyacrolein-acetal. As may be expected, the re- 
actions are very complex and since these dyes are of only minor 
importance the method of preparation will not be given.*® The sulfur 
dyes of this class are probably the most important. A typical dicarbo- 
cyanine of the unsubstituted type is: 


S Ss 
y < 
ee Seno nol Rares 
A ee 


aS | 
C2H; I CH; 


The dyes of this class are sensitizers for the red and infra-red. 

Tricarbocyanines or Heptamethines.—The most important di- 
rect intermediate in this class is glutaconaldehyde in the form of its 
dianil hydrochloride. The development of the dyes of this class is 
based largely on the work of Zincke and the “displacement process” 
suggested by Konig. Zincke and his’ co-workers showed that the 
pyridine ring of 2,4-dinitrophenyl-pyridinium chloride (1) may be 
broken open by treating with NaOH to give the dianil of glutaconalde- 
hyde. This substance (II) which is classed by Konig as a streptopoly- 
methine dye is then subjected to the “ displacement process” of Konig 
by condensing with two cycloammonium salt molecules in absolute 
alcohol in presence of sodium ethoxide to produce a tricarbocyanine 
dye. The “displacement process” of Konig ** consists in the replace- 
ments of a C,H,N= and a C,H,NH— by the cycloammonium salt 
residues. The formulas and processes are represented diagrammatically 
as follows: 


— C.H;—-N=CH—CH=CH—CH=CH—NH—C,H; 
II 
N 


bass 
Cl CeHs(NOz2)2 
(1) 


45 For the chain substituted dyes of this class, see U.S.P. 2,104,064. 
46 Konig, J. prakt. Chem. (2), 86 (1912) 173. 
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Formula (II) or a streptopolymethine is condensed with two molecules 
of I-methyl-benzthiazole-ethyl iodide to give the dye 2,2-diethyl benz- 
thiotricarbocyanine iodide the structural formula of which is: 


S S 
se ee 
C—CH=CH—CH=CH—CH=CH—CH=C 
Ne Sie 


aS | 
Hoe ol CoH; 


For the preparation of the chain substituted heptamethines the alkyl 
substituted pentadienes of the imido-amino type are used. Such sub- 
stances as sodium ethylate containing a little free sodium are used as 
condensing agents. The method of W. Konig ** involving his unique 
“displacement process” may also be employed to prepare heptamethines 
containing the oxyacyl group in the chain. 

Tetra- and Pentacarbocyanines or the Nona- and Undecame- 
thines.—These dyes are sensitizers for the extreme infra-red. The 
preparation of these dyes is the result of the work of Konig ** and 
others in Germany based on Konig’s “displacement process” of 1912. 
A typical formula, of a pentacarbocyanine dye, is: 


On CO. GH 
ase | ; 


C—CH=CH—CH=CH—CH=—CH—C=CH—CH= 
Yea 
XC 


ae 
C,H; ClO, S 


Fi . 
N 


N 


| 
CoHs 


For methods of preparation of these long chain compounds the student 
is referred particularly to the patent literature.*? These dyes are very 
47 W. Konig, U.S.P. 2,158,287 of 1939. 


48 Ber, 67 (1934) 1274. 
49 Konig, U.S.P. 2,158,187 of 1939. 
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unstable because of the presence of the oxyacyl groups since the mole- 
cule tends to split at these groups. The oxyacyl groups also tend to 
lower the intensity of sensitization.°° 

Symmetrical tetra- and pentacarbocyanines are said to have been 
prepared in Germany which do not contain chain substitutions.*t They 
are said to be more stable and have greater intensity °’ of sensitization 
than the corresponding acetyl oxy chain substitutions. In general, 
however, only a few of these long chain cyanines have found any prac- 
tical use. 

Cyanines with Cycloparaffins Linkages——In recent years new 
dyes of the cyanine type have been prepared in England and Germany 
containing the cyclodienes as the linking agents for the quaternary 
nitrogen and the ternary nitrogen heterocyclic bases. An example is 
given from the patent literature : °° 


S S 
a oY 
a 
Dau 4 NEA NS 
N H N 
aN | 
C.Hs I CoH; 


Other cyclodienes said to have been used are cyclopentadiene and indene. 
The structural formulas are: 


HC CH, 
CH 
Nie Dex 
G CG 
H He 
cyclopentadiene indene 
MEROCYANINES 


Definition and History.—The merocyanines are dyes which are 
formed as the result of a condensation of a heterocyclic nuclear com- 
pound containing ‘a reactive methylene group and quaternary hetero- 


50 Dieterle and Leh, Z. wiss. Phot. 34 (1935) 249. 

51 Dieterle and Riester, Z. wiss. Phot. 36 (1937) 68-72 and 141-44. 
52 Tuft. Photowoche 1936, 440. 

°3 Gevaert Photo-Producten, B.P. 511,940 of 1936. 


CLASSIFICATION OF MEROCYANINES ©o®@ 281 


cyclic nuclear salt. A reactive methylene (CH,) group is one which 
is adjacent to a nuclear carbonyl or thione group. The sensitizing 
system is: 


OME —Cm(CH-CH ENR ; 
where v is zero or a position integer and R is hydrogen, alkyl or aryl. 
This illustration is not intended to indicate that systems of this type 
exist as straight chain compounds; such systems are found only in 
heterocyclic nuclear structures. Comparison with the cyanine system 
shows there is a close relationship between the two systems. The 
cyanine sensitizing system is: 


i 
feo Net arte dered rN ak 
x R 


where X is halogen, chlorate, alkosulfate, paratoluene sulfonate or 
nitrate, 7 is zero or a positive integer. R is hydrogen, alkyl, aryl or 
alkaryl. 

The merocyanines are of comparatively recent origin; Kendall of 
Ilford and Brooker of Eastman Kodak having discovered these inde- 
pendently. The first mention of the name merocyanine occurs in a 
French patent ** which describes a dye which is prepared by the con- 
densation of l-acetyl methylene-3-ethylbenzthiazoline ethiodide with 3- 
ethylrhodanine. However, the first patents in England to mention the 
condensation of similar intermediates and use of similar dyes are B.P. 
426,718; B.P. 428,222; B.P. 428,359 and B.P. 428,360, all issued to 
James D. Kendall of England. 

The first patent in the U.S.A. to mention merocyanines is U.S.P. 
2,161,331 of 1939 application 1935 by Brooker and Van Dyke. 

Classification of Merocyanines.—Merocyanines are classified in 
about the same way as the cyanines, namely, Merocyanines, Merocarbo- 
cyanines and Meropolycarbocyanines. The naming of the dyes de- 
pends on the method of numbering the atoms in the heterocyclic ketonic 
nucleus. For this discussion the rhodanine type of intermediate will 
be numbered as follows: the reactive methylene group is number 1, and 
the ketonic carbon 2. Rhodanine is taken as an example: 


54 Kodak Pathé, F.P. 808,598. 
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S 
5 
of Neu 
2C=0 
3 
n/ 


H 


Rhodanine 


Intermediates.—They are the methylene-ketonic heterocyclic 
compounds, quaternary or cycloammonium salts and linking agents. 
There are a large number of methylene-ketonic compounds available. 
The more commonly used in addition to rhodanine are: the alkyl and 
aryl derivatives of rhodanine, such as methyl, ethyl and ethylphenyl. 
These groups replace the hydrogen of the ternary nitrogen. Other 


important type compounds are: 


He g 
a aa 
R—Cé CH, 
Na Wa SS C=O 
3 
Se a 
R H 
Pyrazolones 2:4 Diketotetrahydro 
thiazole 
‘G Ss 
He ay ye Xe 
ye ook 
aa Sword 
‘ (© 
| 
R O 
oxyindoles thioindoxyl 
CH, S 
a ad va ae 
a4 \ 
GH; . 
| 
O 
B-hydrindone thionaphthenone 


i 
N 


—_ 


Thiohydantoin 


CH: 
oA 
Sons 
NONE, 

6 

| 

O 


a-hydrindone 


malonic ester 
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By analogy it would be anticipated that the ketonic oxygen can be 
replaced by sulfur thus giving the thione compounds. Examples are: 


a CH 
VIX “cH 
C=S 
nic) eS ee 
Se | 
R R 
alkyldihydro- alkyl dihydro- 
pyridine-2-thione quinoline-2-thione 


Quaternary Salts and Linking Agents.—For the quaternary salts 
most of those used in the cyanines theoretically could be used for the 
merocyanines. In practice the quaternary salt is condensed in the 
usual manner described under cyanines, which gives heterocyclic 
nuclei containing such active groups as, alkyl or aryl mercaptans or 
thiols, R—S—; acetylmethylene, O—CCH,.CH—; formyl methylene, 


1: 
| 
O—C—CH,—; acetanilidovinyl, C,H,—N—CH—CH—. The thiols 
CO-GH 


are formed by condensing the iodo heterocyclic nuclear compounds 
with a mercaptan or thio ether with the aid of triethylamine. The 
acylmethylene compounds use acyl halides with pyridine as the con- 
densing agent and the acetyanilidovinyl with a strong organic base such 
as triethylamine. 


Preparation of Merocyanines.— 


1. The simple merocyanines are prepared by condensing a keto- 
methylene compound with a quaternary salt of a heterocyclic nucleus 
using pyridine or triethylamine as a condensing agent. The reaction 
takes place diagrammatically as follows: 
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rhodanine 2-phenylthio-benzthiazole ethiodide 


Ss 
S) VE \ 
ve pes 
ee oe 
N | 
| CH; 

C.Hs 
The corresponding iodo compound can be used in place of the phenyl- 
thio compound. Rhodanine can be replaced by one of the many keto- 
methylene or thione-methylene compounds. 

2. Merocarbocyanines. For this class the acetylmethylene alkyl 
heterocyclic nitrogen nuclear compounds are condensed with the keto- 
methylene or thione-methylene compounds using acetic anhydride as a 
condensing agent or the acetanilidovinyl derivatives of a quaternary 
heterocyclic salt are condensed with the keto-methylene compounds to 
give a merocarbocyanine. An example of the first type of reaction is: 


S O 
CHs3 
ya NCH | oa > acetic 


S=C + O—C—C=C — 
C=) anhydride 
ey; Nie 
i 1 
| 
Ce.H; CH; 
3-phenyl rhodanine 2-acetylmethylene- 


3-ethyl benzoxazoline 


S=E 
\ 0 Ses 
N 


C,H; 


B-(3-ethyl-2-benzoxazolidene-ethylidene)- 
a-methyl-3-phenyl rhodanine 
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An example of the second type of reaction is: 


S Ss 
NCH; | FEN a eis 
c= Po Ge NCH cre amt 
(C==0 | 
ee CO.CH; BS 
| | 
CoH; C.Hs 
ethyl rhodanine 2-(B-acetanilido vinyl)- 


benzothiazole ethiodide 


Ss 


O 

S 
! cae vA Scheu eine 
AE | ‘a 


| C.Hs 
C.H; 


B (3-ethyl-2-benzothiazolinylidene-ethylidene)- 
3-ethyl rhodanine 


3. Meropolycarbocyanines. The methods employed in preparing the 
longer chain compounds are about the same as for the polymethine 
cyanines. The merotricarbocyanines have been prepared by about the 
same methods as given for the Tricarbocyanines using an w-anilino- 
glutaconic anil hydrochloride. 

Sensitizing Properties of Merocyanines.—In general these dyes 
cover the visible spectrum, near infra and also infra-red. Little can be 
said at this time in regard to the intensity of sensitization of these com- 
pounds as compared to the corresponding true cyanines. However, the 
patent literature generally makes the claim that many of the dyes in 
this class impart a high degree of sensitivity to photographic emulsions. 


THE PINAFLAVOLS 


The pinaflavol class are sometimes called the Styryl dyestuffs. These 
dyes are prepared by condensing quaternary salts of heterocyclic nitro- 
gen bases with aromatic aldehydes. The first commercial representa- 
tive of the styryl or pinaflavol dyes was “Pinaflavol.” It was first 
prepared in Germany in 1920 by condensing a quaternary salt of 2- 
methyl pyridine (a-Picoline) with p-dimethylaminobenzaldehyde ; it is: 
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ghee 
C=C—C,;H;—N(CHs)e 
N 
RN 
C.Hs NO; 


There are a great many possibilities in this group of dyes since there 
are many available aldehydes and quaternary bases. The pinaflavol 
from p-dimethylamino cinnamic aldehyde and 4-methyl thiazole ethio- 
dide is said to be a strong sensitizer. It is represented by the follow- 
ing structure: . 


The distyryl dyes are of interest since they are said to be good pan- 
chromatic sensitizers of medium red but very high green sensitivity. 
An example is the formation of a distyryl compound by the condensa- 
tion of two mols of an aromatic aldehyde with 2,6-dimethyl pyridine 
ethiodide which contains two reactive methyl groups: 


(CH;)2N—C.H;—CH=CH CH=CH—C,H;—N(CH;), 


N 


ee 
CHs I 


Block and Hamer of England have given a review ** of the development 
of this series of dyes up to 1930. 


55 Phot. J. 70 (1930) 374-390. 
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THE OXONOLS 


Dyes from diamines may be classed as oxonols; example is: 


L i < 
Seer ie CeHs: af are 0 
7 


ERIS 
Gi ri Cit = 


Dyes of this type are said to be intensive sensitizers for silver chloride.** 
Several examples are given in the recent patent literature of this type 
using piperazine as the diamine.®* Many of the intermediates are 
similar to those used for the preparation of the cyanines. Acetals of 
w-aldehydes are used with the diamine compounds. 

The hemioxonols are similar to the oxonols except that they are half 
oxonols. A typical formula is: 


Via H, Hp 


C—CH=CH—N< >H, 
SZ alt 
yi 
R I 


The piperidyl (C,H,,N—) group may be replaced by such groups as 
4-morpholyl, a 6-membered saturated nucleus containing oxygen para 
to the nitrogen, butylamino, diallylamino, di-tetrahydrofurfuryamino, 
_ and diethylamino. The linking agents are similar to those used in the 
true cyanines, thus there may be different length chains, substituted and 
unsubstituted. 

The hemioxonols are said to be excellent sensitizers for silver chlo- 
ride. The keto methylene compounds such as rhodanine may be used 
in place of the benzothiazole type of compound. 


561. G. Farben, F.P. 811,990 of 1936. 
57 White. and Keyes, U.S.P. 2,166,736 of 1939. 
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Basic Di- AND TRIPHENYLMETHANES 


In this class are auramine, ethylviolet, methylviolet and magenta. 
These dyes were used as sensitizers before the turn of this century but 
have not been used to any extent since the cyanines were first put on 
the market. 


Ketonic Acip, CyANO AND IMINO CYANINES 


Ketonic Acid Dyes.—These dyes are very closely related to the 
cyanine dyes; in some cases the only difference is in the introduction 
of a carbonyl group in the linking chain. These compounds are con- 
densed with two mols of a substituted aldehyde containing nitrogen in 
presence of acetic anhydride. The nitrogen may be attached to an 
aromatic ring or form part of a heterocyclic ring. 


Pak 


S 
N 


C=CH—CHO+HOOC—CH,C—CH:—COOH + 
| 


| acetone 
GH: dicarboxylic acid 
3-ethyl-2-formylmethylene benzothiazoline 
S 
VA 
he * pyridine 
yy acetic anhydride 
N 
CoH; 
5 S 


ae . 
C=CH—CH=CH—C—CH=CH—CH=C 
wae \ pate, 


| 
CH; CoH; 


In the above reaction carbon dioxide and water are formed. In this 
type of compound the methine chain is broken by a carbonyl group. 
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Careful examination of the compounds used and the structural relation- 
ship of the finished dye indicates that it should be possible to produce a 
great variety of compounds. If the uncondensed 5-membered ring 
bases are used, it is claimed in the patent literature °° that a sensitizer 
for the blue-green is obtained. It is possible with this class to include 
the whole spectral region from blue-green to the infra-red. Compounds 
of this type containing 15 carbon atoms have been prepared. 

Cyano Cyanines.—These dyes *® contain a cyano-keto type com- 
pound condensed with a heterocyclic nitrogen compound of the type 
used in cyanine dyes. The cyano compounds used may be represented 
by benzoylacetonitrile, C,H,.-CH,-CN. These type compounds are 
condensed with such compounds as 1-(B-anilino-vinyl)-benzoxazole 
ethiodide in the presence of triethyl amine, to form a compound named 
a- (3-ethyl-2-benzoxazylidene-ethylidene )-benzoylacetonitrile. Little 
has been published of the sensitizing characteristics of this type of dye. 

Imino-cyanines.—An example of this is an imino-nonamethine ° 
prepared by condensing glutaconic acid with an unsaturated aldehyde 
of the general formula: R. R, = N-CH = C H-C H O by means of an 
acid condensing agent such as acetic anhydride. In this aldehyde, R, 
and R, together form part of a heterocyclic ring, or are respectively 
an alkyl and an aryl group. More definitely R, and R, in the patent 
cited constitute a tetrahydroquinoline dihydro-a-methylindole or a- 
methylphenmorpholine residue. A typical nonamethine is: 


CH, CH, 
CO SCH; He” aS 
| 
CH, Hic. 
N-—~CH—=CH—(CH=CH),—C=N<N 
i 


It is claimed that this dye is a sensitizer for the infra-red but its stability 
is not given. 
58 Riester, D. Anm. I. 57303 1Va/22e; F.P. 834,718 of 1938. 


59 Brooker, U.S.P. 2,153,169 of 1939. 
60], G. Farben, A.G.B.P. 512,470 of 1940. 


CHAPTERSEX 


THE LATENT PHOTOGRAPHIC IMAGE AND ITS 
DEVELOPMENT 


The Latent Photographic Image—When light of a proper 
wave length falls upon a photographic emulsion some of the grains, the 
number depending upon the exposure, are so altered that they can be 
reduced to metallic silver by certain chemical reducing agents or “de- 
velopers,’ while the grains which are not sufficiently altered by the 
incident radiation are not reduced.t. The grains of silver halide thus 
altered, or rendered developable, form what is known as the latent 
photographic image. | 

The latent image cannot be extracted by chemical means, nor is any 
change visible at the highest powers of the microscope; developability 
is the only positive means of detection. It is nevertheless quite 
stable in the case of negative materials but relatively instable in the case 
of low speed materials particularly developing papers and to a lesser 
degree motion picture positive film. Numerous cases have been re- 
ported in the literature of the successful development of negatives ten, 
twenty and even thirty years after exposure. The stability of the latent 
image appears to depend to some extent on the character of the emulsion 
but more particularly upon the temperature, the humidity and absence 
of fog-producing substances, either in the packing or the atmosphere. 
With papers and positive film on the other hand, the fading of the 
image appears to begin very shortly, if not immediately after exposure 
and is a matter of only a few days or weeks at the most. 

With high speed panchromatic negative materials? the latent image 
grows for a period of several months, then remains very nearly con- 
stant for a much longer period before fading begins. The increase in 


1 Latent images, i.e., the developable state, may be produced by pressure, by 
oxidizing agents, and by heat as well as by light. Russel, Phot. J. 39 (1899) 
345. Clark, Brit. J. Phot. 70 (1923) 717. Wightman, Brit. J. Phot. 74 (1927) 
447. 

2 Mees, Photography and Focus 39 (1915) 338. Jausseran, Revue d’Optique 8 
(1929) 119. Heisenberg, Die Veranderung des latenten Bildes in Halogensilber- 
gelatineschichten bei der Lagerung. Veroff. des wiss. Zentral-Lab. Agfa. Leipzig 
(1933) p. 47. Famulener & Loessel, J. Soc. Mot. Pict. Eng. 36 (1941) 374. 
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speed in the months following an exposure is most in evidence with 
panchromatic materials, in which case it may amount to as much as 
200% within a year; is much less in high-speed, blue sensitive mate- 
rials, and is not found at all on low-speed materials such as positive 
motion picture film. The growth in the latent image during this period 
appears to be confined to the lower densities; in the higher densities 
the increase is either proportionally less or there is frequently a lessen- 
ing of loss in density. As a result, the shape of the DlogE curve is 
changed, the period of decreasing gradient beginning at a lower density 
and comprising a larger part of the curve. 

The graininess of the image appears to increase with the time elapsing 
between exposure and development and is independent of the growth, 
or fading, of the latent image. 

If the exposure required to produce developability is greatly in- 
creased, a visible image is formed. This image consists of metallic 
silver, and it has been well established by studies with the micro- 
balance, and from x-ray powder diagrams, that the products of the 
visible decomposition of silver halide are metallic silver and halogen. 

Eggert and Noddack, who investigated the photochemical equi- 
valence for the direct reduction of silver bromide by light, concluded 
that the photo-equivalence law of Einstein applies; in other words, 
each absorbed quantum results in the decomposition of one molecule of 
silver bromide producing one atom of silver and one of bromide. 

There are many points of correspondence between the latent photo- 
graphic image and the visible or “ print out”? image. This would seem 


FrIEsER—Microcinematographic Investigations on the Direct Blackening 
and Development of Silver Bromide Crystals. Phot. Ind. 35 (1937) 
853. 

Guntz—The Action of Light on Silver Chloride. Phot. J. 45 (1905) 131. 

Hartunc—Photochemical Decomposition of Silver Chloride. J. Chem. 
Soc. (London) 127 (1925) 2691. 

Hartunc—Photochemical Decomposition of Silver Iodide. J. Chem. Soc. 
(London) 129 (1926) 1349. 

Jones AND Biatr—The Effect of Concentration on the Production of the 
Latent Photographic Image by Hydrogen Peroxide. J. Chem. Physics 
5: (1937), 835. 

‘Kertser—Zeit. wiss. Phot. 26 (1928) 1. 

Kocu ANp VoGLer—Ann. d. Physik 77 (1925) 495. 

Stock—The Photochemical Pecompceiion of Silver Bromide. Zeit. wiss. 
Phot. 24 (1925) 132. 

ScHWARZ AND Gross—Z. anorg. Chem. 133 (1924) 389. 

TRIVELLI AND SHEPPARD—Visible Décomposition of Silver Halide Grains 
by Light. J. Phys. Chem. 29 (1925) 1568, 
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to indicate that both involve basically the same reaction and that the 
visible image is the continuation of the same process which produces the 
latent image. 

Reactions of the Latent Image.—Since the latent image cannot 
be subjected to direct chemical analysis, its reaction has been exten- 
sively studied and the results made the bases of numerous theories 
of latent image formation. The literature on this subject is enormous.* 
The following is an attempt to summarize briefly some of the more 
important reactions of the latent image from the standpoint of latent 
image theories. 

1. The latent image is weakened or destroyed by chemical oxidizing 
agents. Substances such as potassium cyanide, potassium permanga- 
nate, ammonium sulfate, chromic acid and cupric, ferric and mercuric 
salts, when used with a halide, such as potassium bromide, weaken or 
destroy the latent image, depending upon the concentration, time of 
immersion, etc. 

2. Destruction of the latent image by oxidizing agents does not neces- 
sarily destroy sensitivity; chromic acid, for example, was found to 
reduce the latent image to a much greater degree than the sensitivity, 
and with ammonium persulfate the difference is even greater. 

3. The latent image is not soluble in hypo, or other solvents of silver 
halide. An image may be developed after fixing by the use of a solu- 
tion of acid silver nitrate containing a reducing agent in which col- 
loidal silver will be formed. This reducing agent must be a developer, 
however, as other reducing agents such as formaldehyde which will 


> The most convenient reference for the student is Bullock, Chemical Reactions 
of the Photographic Latent Image. Van Nostrand 1927. 


Strerry—The Action of Oxidizers on the Latent Image. Phot. J. 47 
(1907) 170; Brit. J. Phot. 54 (1907) 166, 171, 206. 

SHEPPARD AND Mees—Action of Substances on the Latent Image. Phot. 
J. 47 (1907) 65; Brit. J. Phot. 54 (1907) 33. 

SHEPPARD, WIGHTMAN AND TRIvELLI—Action of Arsenite and Oxidizing 
Agents. J. Franklin Inst. 198 (1924) 507, 629. 

BuLLock—Oxidizing Agents and the Latent Image. Brit. J. Phot. 74 
(1927) 590. 

CLarK—Oxidizing Agents in the Study of Sensitivity of pctontaphie 
Emulsions. Brit. J. Phot. 74 (1927) 227, 243. CoN, 

LUMIERE AND SEYEWETZ—Development of the Latent Image ater Fixa- 
tion. Compt. rend. 178 (1924) 1765. 

Owrn—Physical Development and Nature of the Latent Image. Phot. 
J. 69 (1929) 278, 
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form collodial silver, under such conditions, will not develop the latent 
image. 

4. The latent image is produced, but at a slower rate, at the tempera- 
ture of liquid air.* 

5. The latent photographic image is destroyed by acids which dissolve 
silver, e.g., nitric. 

6. The latent image may, under certain circumstances, develop as a 
positive instead of a negative image (photographic reversal). Re- 
versal is delayed by derivatives of hydrazine, phenylenediamine, sodium 
nitrite and certain other substances which absorb free halogen and is 
facilitated by sodium arsenite, hydrogen peroxide, potassium perman- 
ganate, persulfate and dichromate. 

If an emulsion is given a preliminary exposure to white light and 
exposed a second time to light of a longer wave length (orange or red), 
the first image is partially destroyed (Herschel effect). 

If an emulsion is greatly over-exposed and then treated with chromic 
acid, which destroys the latent image, and then exposed a second time 
and developed, a positive image is obtained (Albert effect). 

If an emulsion is exposed briefly to a highly intense source of light, 
as for example a flash of lighting, and is then exposed to light of a 
much lower intensity, the first image is partially destroyed (Clayden 
and Villard effects). 

Certain desensitizing dyes, such as phenosafranine, result in the 
reversal of the image following a preliminary flash exposure (Luppo- 
Cramer effect). 

Historical Theories of the Latent Image.—Carl Wilhelm Scheele, 
who may in some respects be called the father of photo-chemistry, 
proved that chlorine is liberated when silver chloride darkens upon ex- 


4 Bunsen and Roscoe, Pogg Ann. 108 (1876) 193; Dewar Proc. Roy. Inst. 13 
p. 695. 
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posure to light. According to Waterhouse,’ Berthollet was the first to 
suggest that the latent developable image consisted of a sub-halide, 1.e. 
silver halide containing less halogen than the normal. The sub-halide 
theory was stoutly defended by many of the most prominent authorities 
throughout the past century, and in some quarters well into the present, 
despite the failure of all attempts to prepare silver sub-halides in the 
laboratory.® 

Arago in his paper on the Daguerreotype process, delivered to the 
Academy of Sciences (Paris) August 1839, expressed the opinion that 
the action of light resulted in the liberation of the halogen from the 
silver halide, so that some of the silver halide is reduced to metallic 
silver. Guthrie (1850), however, was apparently the first to develop 
the idea into a definite theory. He suggested that the action of light 
resulted in the liberation of halogen and the formation of small centers 
of metallic silver in the silver halide grain on which the image is built 
up in development by the deposition of silver from the developing solu- 
tion. (It will be remembered that at that time acid developers con- 
taining silver were in general use.) So widely held, however, was the 
sub-halide theory that the metallic, or nascent silver theory, found only 
limited support.” 

Renwick renewed interest in the metallic silver theory at a much 
later date * by suggesting that the effect of light is to coagulate amicrons 
of colloid silver which exist in an emulsion before exposure, and thus 
create centers of metallic silver which are of sufficient size to function 
as centers for the reduction of the grain to metallic silver by the de- 
veloper. The colloid silver present in the emulsion is the result of the 
reduction of some of the silver halide in the digestion of the emulsion 
with heat or ammonia. 

Throughout the last century when the sub-halide theory was more or 
less generally accepted, there wete a few who maintained that the 
energy required to produce a latent image was insufficient to produce 
chemical change in the silver halide. Those who took that stand in- 
sisted that the light absorbed results in a physical rather than a chemical 
change in the silver halide. These so-called “physical theories” in- 
volve (1) the formation of an internal strain within the silver halide 
molecule which renders it unstable and therefore more readily reduced 


5 Waterhouse, Phot. J. 47 (1903) 59. 

6 Vogel, Phot. Mitt. 36 p. 334; Von Bibra, J. fiir Prak. Chim. 2 p. 12. 
7 Mercator, Brit. J. Phot. 46 (1899) 628. 

8 Renwick, Brit. J. Phot. 67 (1920) 447, 463; 70 (1923) 382. 
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by the developer (molecular strain theory) ; (2) the breaking down of 
the silver halide into smaller particles which are more susceptible to 
reduction by the developer (disintegration theory) ; (3) the discharge 
of an electron, or electrons, leaving an unstable silver halide crystal 
(photo-electric theory). 

Investigations of the structure of the silver halide crystal during the 
last quarter of a century, largely by means of x-ray crystallography, 
led to the conclusion that no chemical molecule, in the sense of a 
specially combined atom pair, exists, but rather a space-lattice structure 
of silver ions and bromine ions, held together by the electrostatic attrac- 
tions of the oppositely charged ions, and under such conditions there 
is little basis for physical theories which involve molecular strain or 
disintegration. 

It has been established also that silver halides do not exhibit the 
true photo-electric effect at wave lengths greater than 280 millimicrons 
while, of course, the photographic response of silver halide without 
sensitizing extends to radiation of much longer wave lengths. There 
are many striking similarities, however, in photographic sensitivity and 
the photo-conductivity of silver halides, and theories of this type have 
not been abandoned but rather have developed beyond their original 
concept in accord with the developments in the fields of electronic 
theories of matter and energy, 

The Primary Process in the Formation of the Latent Image.— _ 
The fact that upon continued exposure a silver halide is decomposed 
into silver and bromine suggests, although it does not definitely limit 
the developable or latent image to metallic silver, the latent and the 
visible image being thus regarded simply as two phases of a single 
reaction differing in degree but not in character. The chemical re- 
actions of the developable image—summarized excellently by Bullock ® 
—are not inconsistent with the view that it consists of metallic silver. 


9 Bullock, Chemical Reactions of the Photographic Latent Image. Van Nos- 
trand (1927). 


ALLEN—The Formation of the Image on the Photographic Plate. Phot. 
J. 54 (1914) 175. 

ARENS AND Lurt—Present Position of the Theories of the Latent Poe 
graphic Image. Veroffent. wiss. Zentral-Lab. phot. Abt. Agfa 4 
(1935))1. 

Luppo-CraMER—History and Theory of the Latent Image. I. Zeit. wiss. 
Phot. 23 (1924) 91; II. Ibid. 23 (1925) 122; III. Ibid. 23 (1925) 216. 

Renwick—The Gelatin Emulsion and the Latent Image. Brit. J. Phot. 
70 (1923) 382. 
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Furthermore, no other explanation of the process of development so 
well fits the known facts as that based upon the existence of a deposit 
of metallic silver on the grain of silver halide to serve as a center for 
the reduction of the entire grain to metallic silver. If the view that 
the latent photographic image consists of silver is accepted *°—and the 
evidence on this point is almost overwhelming—the problem becomes 
one of explaining how this silver is formed. 

A molecule of silver halide, like all molecules, consists of atoms 
bound together by electrostatic forces. In the case of a molecule of 
silver bromide, the atoms of silver and bromide by sharing electrons— 
the binding force between atoms—are united to form a crystal lattice 
structure of the type shown in Fig. 205. These atoms are ionized since 


@ SILVER IONS 


O BROMIDE IONS 


BIG 205: 


they are either accepting or giving up electrons, and, therefore, the silver 
atoms carry a positive charge, the bromine atoms a negative charge. 
Silver chloride and silver iodide, as well as silver bromide, crystallize 
in the simple cubic structure illustrated. Now, if the latent image is 
to be regarded as consisting of metallic silver, it is obvious that the 
action of light must be to cause one of the silver atoms (Ag+) to 
become an unionized atom. To accomplish this, it is necessary for it 
to receive an electron to neutralize its positive charge. This electron 
must come from the neighboring bromine ions; so that the action of 
light on the molecule of silver bromine is to cause the bromine ion to 
give up an electron which is accepted by a nearby silver ion to form a 
neutral atom of silver. The bromine ion, having given up its electron, 
is freed thus upsetting the balance of forces which existed in the 
molecule of silver halide. 


10 There are, however, some exceptions. For a recent theory of the latent image 
formation which does not regard the developable image as consisting of metallic 
silver, see Evans and Hanson, Phot. J. 77 (1937) 497. 
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This conception of the preliminary process in the formation of the 
latent photographic image, which is in full accord with modern theories 
of the mechanism of chemical processes, may be represented as follows: 


Br- + hv > Br + electron 
Agt + electron — Ag 


It is clear that this reaction takes place not once but many times in a 
single grain, since for a grain to be made developable it would appear 
that this process must be repeated a sufficient number of times to pro- 
duce a center of silver of sufficient size to provide a nucleus for 
development. 

Role of the Sensitivity Centers.—It is reasonable to assume that 
light is absorbed over the entire exposed surface of the grain. Hodg- 
son found, however, that development begins at certain discrete points 
on the grain from which it spreads out until the entire grain is reduced 
to metallic silver. This fact was confirmed later by the work of Sved- 
berg and others and would seem to indicate that the silver atoms of the 
latent image are not spread uniformly over the grain but are concen- 
trated at certain points. The work of Sheppard, Trivelli, Wightman, 
Loveland and others indicates that the silver atoms formed upon ex- 
posure to light are concentrated about the sensitivity centers or nuclei, 
which have been shown to consist of silver sulfide (Page 242). The 
silver sulfide specks, or sensitivity centers, promote sensitivity therefore, 
by concentrating the silver atoms formed during the exposure to light 
thus producing concentrations of silver at discrete points on the grain 
which are of sufficient size to render the grain developable. 

There have been several attempts to explain the mechanism whereby 
light which is absorbed over the entire exposure area of the grain pro- 


FrRIEDMAN—The Latent Image. Amer. Phot. (1940) 452. 

KornFeLp—Distribution of the Latent Image of the AgBr grain. J. Opt. 
Soc. Amer. 31 (1941) 598. 

MeEes—Photography and Pure Science. J. Franklin Inst. 226 (1938) 281 
(Theory of Latent Image). 

Mott—A Description in Terms of Atomic Physics of the Action of Light 
on Photographic Emulsions. Phot. J. 78 (1938) 286. 

Wess—The Photographic Latent Image Considered from the Standpoint 
of Quantum Mechanics. Phot. J. 77 (1937) 142. 

Wess—Theory of the Photographic Latent Image Formation. J. Applied 
Phys. 11 (1940) 18. ; 

Wexssp—The Formation of the Photographic Latent Image. J. Phot. Soc. 
Amer. 7 (1941) 136. 
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duces silver atoms only about the sensitivity centers or sulfide specks. 
Sheppard, Trivelli and Loveland proposed what is commonly termed 
the Concentration-S peck Theory (1925). This theory assumes that 
the energy absorbed throughout the grain is transferred by radiation- 
less collisions until the sensitivity center is reached. Thus energy 
absorbed at one point on the grain is absorbed by the electron of a Br- 
ion and its energy raised, this energy being then transferred from one 
atom to another until the sensitivity center is reached at which point 
the Br- ion is released and a silver atom formed. While this assump- 
tion is not entirely satisfactory, the basic idea of the function of the 
sensitivity center in concentrating the silver formed on exposure is 
generally accepted. 

In 1928 Trivelli suggested * that in view of the photoconductivity 
properties of silver bromide and the photo-voltaic effect at Ag: AgBr 
electrodes, the mechanism of the formation of the latent image is 
similar to the action within an electrolytic cell. 

The silver sulfide sensitivity center is assumed to act as an anode 
and the silver as the cathode, while the solid silver bromine is the 
electrolyte. On exposure to light electrons pass from the silver sulfide 
through the silver bromide to the silver, while the silver cations of the 
silver bromide are attracted to the silver cathode. Thus the silver 
originally present increases in size by the electrolytic disposition of 
silver until it reached the developable size. While this theory has cer- 
tain attractive features, it has not been possible to prove that such a 
reaction will take place in a similar large-size cell and hence it has not 
met with widespread acceptance. 

In 1938 Gurney and Mott proposed an extension of the concentration 
speck theory which has received considerable attention.” 

The extension is in providing a more detailed explanation of the way 
in which the energy absorbed at various points on the grain is con- 
centrated to form silver only about the sensitivity centers. The ex- 
planation is based upon the photoconductivity and electrolytic conduc- 
tivity of silver bromide. Measurements of the photo-conductivity of 
silver bromide have indicated that for each quantum of light absorbed 
by a silver bromide grain, an electron is released and that this electron 
can move about freely in the crystal. These electrons are trapped, 
or held, by the centers of silver sulfide forming the sensitivity centers. 


11 J, Franklin Inst. 204 (1927) 649; 205 111. Nature, 120 (1927) 728. 


12 Gurney and Mott, Proc. Royal Soc. 164A (1938) 151. Mott, Phot. J. 78 
(1938) 268. Berg, Nature 140 (1937) 997. 
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The electrons so held charge the speck of silver or silver sulfide nega- 
tively. This negative charge thereupon sets up an electrostatic field 
within the grain so that positive charges are attracted. Thus Ag* ions 
in the lattice are attracted to the silver centers where they neutralize 
the electrons there to form silver atoms. Thus, the speck grows by a 
repetition of the process; one atom of silver being produced by each 
quantum absorbed. 

This theory is in full agreement with the condition of quantum 
equivalence, since one atom of silver is formed for each quantum of 
light absorbed. It also provides an explanation of the mechanism 
whereby light, which is absorbed over the entire exposure area of the 
grain, can produce silver atoms only at certain points which is in 
accordance with the photo-conductance of silver bromide. It is founded 
on well-accepted conceptions of atomic physics and, in addition, it is 
successful in explaining some of the properties of the latent photo- 
graphic image, such as reciprocity law failure, the Herschel effect, the 
intermittency effect, and others, which do not fit in so well with other 
theories. 


Part II 
THEORY OF DEVELOPMENT 


The operation by which the invisible, or latent, photographic image is 
made visible is known as development. Since the exposure required 
to produce a visible image is many times that required to produce an 
image which may be made visible by development, the latter is in effect 
a means of multiplying the result produced by light so that an almost 
infinitesimal exposure of the sensitive silver halide grain may be con- 
verted into a substantial image. 

If the latent photographic image is regarded as consisting of minute 
nuclei, or centers, of silver on the grains of silver halide affected by 
light, development consists essentially in the formation of sufficient 
additional silver about these nuclei to produce a visible image. The 
added silver required to produce a visible image may be the result (1) 
of preferential deposition of silver from a silver-containing solution 
(the so-called “ physical”? development), (2) or the reduction of the 
grains of silver halide containing a nucleus (i.e., exposed grains) to 
silver (“ chemical” development). While it is possible that negative 
development involves both types to a limited extent, only the latter phase 
will be discussed here. 
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Development as a Process of Chemical Reduction.—Chemical 
development is thus a process of chemical reduction and consists in the 
conversion of ionic to metallic silver; in other words, there is an ex- 
change of electrons between the ionized silver halide and the developing 
agent. The silver cation receives an anion from the developer which 
removes its positive charge, and it becomes metallic silver. The bro- 
mine anion is fixed in the form of an organic, or metallic, bromide de- 
pending upon the nature of the developing agents. Owing to the 
complex constitution of the organic developing agents, it is difficult to 
be more precise on this point. With ferrous oxalate, the reaction is 


Fe,C.On 1GC.0,-> K2Fe(C20x)2 
6KeFe(C204)e +. 6AgBr =>. 2FeBr3 +. 6Ag + 2Fe2(C2O,)3 + 6KoC204 


Among the common organic developers, alkaline hydroquinone, used 
without sulfite, is the only one which has been studied in detail. Ac- 
cording to Sheppard, the reaction is as follows: 


OH NaOH Osea Nat 
ii = +2H,0 
OH |. NaOH Oman Nae 
O O 


aN 


2Agt + one J 


O O 


Theories of Development.—Microscopic studies of development 
by Sheppard and Mees,'* Hodgson,'* and Svedberg *° reveal that de- 
velopment starts at discrete points on the surface of the silver halide 
grain and proceeds until the entire grain is reduced to metallic silver. 
Observations by Hilsch and Pohl have shown specific adsorption of 
photosilver centers in silver halides. Recent work with the electron 
microscope '* at Kodak Research Laboratories show that fine fila- 


18 Sheppard and Mees, Investigations of the Theory of the Photographic Process, 
Longmans (1907). 


14 Hodgson, Brit. J. Phot. 64 (1917) 654. 
15 Svedberg, Phot. J. 61 (1921) 325; 62 (1922) 186. 
16 Mees, J. Soc. Mot. Pict. Eng. 37 (July 1941) 15. 
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ments or thread-like protuberances are formed when the grain is 
developed. 

Theories of development are quite involved and complex. In gen- 
eral, these may be grouped under two heads as: supersaturation and 
adsorption theories. But since parts of some theories overlap parts of 
another, while others incorporate ideas common to both, no attempt 
will be made to assign theories to either group. The theories will, 
therefore, be discussed in chronological order. 

The oldest accepted theory of development is that proposed by 
Ostwald, which assumes that the silver produced by the reduction of 
silver bromide is deposited on specks, or nuclei, of the grain. Abegg 
and Schaum modified and elaborated on this theory, accordingly ;—as 
the silver halide dissolves in the developing solution, the silver ions 
are reduced to metallic silver and the solution becomes rapidly super- 
saturated with respect to silver. The process then continues until the 
reaction comes to equilibrium and reduction of silver ions ceases. How- 
ever, if silver nuclei of the latent image are present, silver from the 
solution deposits on the nuclei. This upsets the equilibrium and 
causes further reduction to take place. 

Bancroft ** proposed the first adsorption theory in 1913. His theory 
is based on the assumption that if the reducing agent is adsorbed more 
strongly to the exposed silver halide than to the unexposed, the former 
will develop more rapidly because of the greater concentration at the 
surface of the exposed silver halide grains. 

Sheppard in 1919 ** suggested that an important phase of develop- 
ment consists in the formation of a complex between silver bromide 
and the reducer, which undergoes internal rearrangement and decom- 
position into metallic silver, which is more or less colloidal, and is 
adsorbed to the residual silver halide. 


17 Bancroft, Trans. Farad. Soc. 19 (1923) 251. 
18 Sheppard, Phot. J. 59 (1919) 136. 
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81. 

MATTHEWS AND BARMEIER—The Electro-potentials of Certain Photo- 
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Later, in 1920, Sheppard and Mayer pointed out the importance of 
the silver halide interface.1? They assumed that the developer is ad- 
sorbed to the solid silver halide forming a complex between silver ions 
and the developing agent which in the presence of the latent image 
becomes reduced to metallic silver and an oxidized developer. 

Volmer, 1921, supposed that the silver of the latent image catalysed 
the reaction between silver bromide and the developer. Because col- 
loidal silver increased the rate of aerial oxidation of the developer, he 
concluded that it would catalyse the reduction of silver halide.?° 

Schwartz, 1933, proposed a theory that neglects the presence of 
nuclei. On the basis of experiments he concluded that collodial silver 
bromide solutions are not reduced, but that coagulation of the sol is 
necessary for the first stage of development.*t Exposure to. light 
removes the negative charge from the surface of the colloidal particle, 
and allows the negative ion of the developer to react. Fogging without 
exposure is due to the absence of electrostatic repulsion between posi- 
tive charged emulsion particles and the developer ion. 

Reinders, 1934, restated the Ostwald theory.?? He pointed out that 
an equilibrium is set up and that under suitable conditions the reverse 
reaction would predominate. He determined the concentration of 
silver by the oxidation-reduction potential of the solution. Reinders 
applied the Ostwald solubility law to silver particles of the latent image. 
This law states that small particles are more soluble than large ones. 
According to the theory, if a solution having a concentration of metallic 
silver, C, is just saturated with respect to particles of size A, then for 
particles larger than A it will be supersaturated, and these will act as 
nuclei for crystallization. Particles which are smaller than A _ will 
dissolve. A developer to develop particles of size A must have a 


19 Sheppard and Mayer, J. Am. Chem. Soc. 42 (1920) 689. 
20 Volmer, Z. wiss. Phot. 20 (1921) 189. 

21 Schwartz, Phot. Korr. 31 (1933) 265. 

22 Reinders, J. Phys. Chem. 38 (1934) 783. 
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RagrnovicH—The Mechanism of Development. J. Phys. 5 (1934) 232. 
Sci. et Ind. Phot. (II) 5 (1934) 250. 

RagBinovicH—Theories of Photographic Development. Proc. Ninth Int. 
Congress of Phot. Paris, 1935. Sci. et Ind. Phot. (II) 6 (1935) 295. 
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reduction potential low enough to reduce silver bromide and produce a 
silver concentration higher than C. Since the potential for the solu- 
tion of smaller particles will be lower than that corresponding to the 
solubility of the large particles, a stronger reducing agent is required 
for the development of the smaller particles. 

Rabinovitch, 1934, postulated an adsorption theory, in which the 
developer was adsorbed to the silver of the latent image but not to 
silver bromide.?* A high concentration of developer in neighborhood 
of the nuclei caused adjacent silver bromide to be reduced. Following 
reduction, more developer is adsorbed to silver and the process is 
repeated. 

Murray in 1937 introduced a theory of development which em- 
phasized the importance of the induction period.2* The process which 
takes place during the induction period is assumed to determine whether 
an exposed grain will develop or not. The main assumptions of this 
theory are: The reduction of the silver halide grain of the emulsion 
by developing solutions takes place at points on the grain surface where 
silver ions of the crystal lattice are not covered by adsorbed ions. The 
reduction is catalysed at the interface between reduced metallic silver 
and silver halide. The effect of light on the silver halide grain pro- 
duces a silver deposit in the neighborhood of development centers which 
is permeable to substances in solution. 

Evans and Hanson presented in 1937 an adsorption potential theory 
of development.?® Development is assumed to be of two types: Chemi- 
cal and Chemical-Physical. As summarized by the authors, chemical 
development consists of three simultaneous steps: “(1) The develop- 
ing agent, governed by its molecular structure and the ionic nature of 
the solution, is adsorbed to the silver halide crystals, a characteristic 
equilibrium being set up for each crystal; (2) The developing agent so 


23 Rabinovitch, Z. wiss. Phot. 33 (1934) 57. 


24 Murray, Phot. J. 77 (1937) 388. 
25 Evans and Hanson, Phot. J. 77 (1937) 497. 
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adsorbed attains a definite reduction potential due to its activation by 
the solution; (3) If the potential so set up is greater than the surface 
potential of the crystal at any point, electrons are sent into the crystal 
lattice and the crystal is converted to metallic silver, bromide ions being 
released into the solution. The last step may be autocatalytic, since 
each electron which enters the lattice can decrease the work function 
of the surface.” Chemical-physical development “is due to the solvent 
action of the developer on the silver halide of the emulsion, silver 
complexes being formed and immediately reduced by the developer to 
metallic silver, giving rise to a supersaturated solution. This solution 
is deposited on any nuclei present, such as those due to solarization of 
electron concentrations or to chemically developed grains. The velocity 
of chemical-physical development is set by the rate of solution of the 
halide, and so may be very fast as compared to the customary post- 
fixation physical development.” The theory is shown to include pres- 
ent accepted theories and is able to account for the effects of solariza- 
tion, densensitization, action of oxidizing agents, and “elimination” 
of solarization by bromine acceptors. 

Staude has discussed the role of oxidation products in processes of 
development *° and James ** has studied the surface conditions of silver 
halides and the rate of reaction. Measurements of the reduction of 
silver chloride by various reagents were made. 


26 Staude, Z. wiss. Phot. 38 (1939) 65-96. 
27 James, J. Am. Chem. Soc. 62 (1940) 1654-1658. 


ARMSTRONG AND WEISSBERGER—Effect of Resonance on the Activity of 
Some Developing Agents. J. Amer. Chem. Soc. 63 (1941) 182. 

Davey—The Theory of Development. Phot. J. 75 (1935) 433. 

Evans AND Hanson—Photographic Development and the Latent Image. 
Phot. J. 77 (1937) 497. 

James—Mechanism of Development. J. Phys. Chem. 43 (1939) 701. 

James—Mechanism of Photographic Development. Development by Hy- 
droquinone. J. Phys. Chem. 44 (1940) 42. 

James—Mechanism of Photographic Development. III. Developing and 
Non-Developing Reducing Agents. J. Amer. Chem. Soc. 62 (1940) 
3411. 

James—Some Experimental Basis for the Development Process. Phot. 
Tech. 2 (1940) 54; 3 (1941) 49. 

RasinovircH—Absorption Theory of Development. Trans. Faraday Soc. 
34 (1938) 920, 936. 

Re1nvorp—The Theory of Development. Brit. J. Phot. 84 (1937) 669. 


COLOR DEVELOPMENT oe 305 


Color Development.—A number of organic components which 
act as developing agents produce images that consist of a dye as well 
as the usual silver image. The developing agent, in this case, may be 
regarded as a dye intermediate which functions as a developer, producing 
a silver image and is itself transformed in the reduction of the silver 
halide to form a dye image. Among the best known developing agents 
of this type are pyrogallol,?® pyrocatechin, indoxyl, thioindoxyl, 4- 
methoxy-alphanaphthol, and hydroxy-coerulignon. Of these the best 
known are indoxyl and thioindoxyl, which were studied in some detail 
by Homolka.*® This method of producing color dye images is termed 
primary color development. In practice such methods have not been 
successful because (1) the images are relatively unstable, (2) the high- 
lights are frequently stained, and (3) the range of colors obtainable is 
limited. 

In 1912 Fischer *° found that silver and dye images may be obtained 
by adding suitable amines, or phenols, to certain developers such as, 
para-aminophenol and paraphenylene diamine. The dye image in this 
case is formed by the coupling (condensation) of the oxidized develop- 
ing agent and the amine or phenol. The term “color development” was 
applied to the process by Fischer and his co-worker Siegrist,** and the 
term “coupler” to the second component. This method of producing 
dye images by development is termed secondary color development. 

Fischer also patented *” the use of such processes for the production 
of prints in color and for color photography. His patent included _ 
images consisting of dyes belonging to five different classes, namely : 
indophenols, indoanalines, indiamines, indothiophenols, azomethines, 
to which may be added a sixth class including leuco derivatives of these 
dyes, as follows: 


1. Indophenols—formed during development, with a para-amino- 
phenol and a phenol. 


H2.N. CeHa. NH, +- CH.OH — es d CHO. (CAaAN= Ceo.—=O + 2H,O 


2. Indoanalines—formed with a paraphenylenediamine and a phenol. 


Oz 
H.N.C.H.. NHe + C.H;OH =, H2N . CeHs. N=CeH =O + 2H.O 


28 Liesegang, Phot. Arch. 36 (1895) 115. 

29 Homolka, Phot. Korr. 44 (1907) 55, 115; 51 (1914) 256, 471. Brit. J. Phot. 
54 (1907) 136, 196, 216. Ermen, Brit. J. Phot. 70 (1923) 47, 299. 

30 Fischer, Brit. J. Phot. 60 (1913) 595, 712; 61 (1914) 329. 

31 Phot. Korr. 51 (1914) 18. 

82 U.S.P. 1,055,155; 1,079,757; 1,162,028. D.R.P. 253,335. 
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3. Indamines—formed with a paraphenylenediamine and an amine. 


Oz 
H.N.CH.NH +e C.sHs. NHe — H.N.C,H.. N=C,.H.=NH + 2H.O 


4. Indothiophenols—formed with a paraphenylenediamine and a thio- 
phenol. 


O: 
H.N °C.H.. NHe + CsH;SH — HS.CsH;. N=CsH.=NH + H.O 
5. Azomethines—formed with 


para-aminophenols — } Soe : 
d compounds containing active 
or an 


reais methylene groups. 
paraphenylenediamines } L - Sa 


Ry 0 
2 
HN .CsH.z. NHe “- H.C => 


Re 


Ri 
JFlalN| Calla NSC + 2H-O 
“ge 


Typical couplers containing acid methylene groups are: 
CH3sCOCH2COOC2Hs Aceto-acetic-ester 
C.H;COCH2COC.H; Di-benzoyl-methane 
NO2. CsHaCHeCN Para-nitro-benzyl-cyanide 


6. In addition to the above, a sixth class may include leuco deriva- 
tives of indigo, indophenols, indamines, azomethines or substituted 
quinones which act as developing agents and undergo oxidation 
forming colored substances that are substantive to gelatin. 


OH HO . O O 
| | | || 


o C (6. G 
SEIS a 


C—C = C=C 
iy SN ON es Sey 
1 | ‘ reer 


| 
H H H H 


indigo, white indigo blue 
(soluble) (insoluble) 
leuco base dye 
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The Chemistry of Color Development.—The reaction with in- 
doxyl may be taken as characteristic of primary development. 


CU CaS oxidation 
_CH, + 4AgBr + H.C => 
NH He N= (latent image) 

indoxyl indoxyl 
—C=O C= sy 
C=C + 4Ag + 4HBr 
N—H H—N 
indigo 


The reaction between dimethyl-paraphenylene-diamine (developing 
agent) and alpha naphthol (coupler) serves to illustrate secondary 
color development. 


NHe OH 
oxidation 
+ 4AgBr + co 
(latent image) 
Dae alpha naphthol 
H3C CHs 


dimethyl-para-’ 
phenylene-diamine 


O 
| 
+ 4Ag + 4HBr 
| 
N 
aN 
H,c ~CHs 


indo-phenol blue 
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Tull 8 has shown that the dye coupling reaction may also take place 
in two steps. 
Step lL. The diamine is oxidized to monoquinoneimide ; 


) | 
NH, 
ie AgBr - Ag + HBr 
H.C “Gk Hye Sod el tip 
(diamine) (imide) 


Step 2. The oxidized developing agent is coupled to a coupler. 


1 i 


Ou 
aby 3AgBr + Us Cy + 3Ag + 3HBr 
ay \CH,y 
pe 
H.C CHs 


In either case, 4 atoms of silver are developed for every molecule of 
dye that is formed. This fact is also confirmed in an Agfa patent."4 

Production of Dye Images by Coupling with Dyes.—While in 
preceding sections color development has been discussed in connection 
with the latent image only, the same, result may be produced by other 
images. In photography, as in the dye industry, the formation of dyes 
by coupling is accomplished by means of oxidation. The dye industry 
employs oxidizing agents while images may accomplish the same pur- 

88 Tull, Brit. J. Phot. 85 (1938) 627. 

S4 Agfa, B.P. 404,398. 
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pose in photography. In various photographic processes, chromate 
images, silver images, latent images and silver-dye images have been 
used as a means of oxidation. Besides serving as an oxidizing medium, 
‘the silver or chromate image also serves to control the position of the 
dye image formed in the emulsion. For convenience of discussion, the 
development of dye coupling may be divided into four sections according 
to the type of image employed: 


1. Chromate Images. The use of chromates for the production of 
colored images is the oldest of the dye-coupling processes and dates 
back to work of Hannaford *° in 1860. Other workers employing chro- 
mate images were Willis, Kopp, Guserson and Andresen, Vidal and 
Thiebault. 

Dye coupling by means of chromate images has been accomplished 
in the following ways: 


a. An albumen emulsion containing dichromate, ferric ammonium ci- 
trate and gallic acid. 

b. Fuming acidified dichromate images with aniline vapors.*® 

c. The use of chromate images for the oxidation of organic compounds 
that form insoluble colors.*” 

d. Addition of developing agents to washed dichromate emulsions.** 

e. Treating chromate images with certain amines and phenols.*® 

f. Addition of dichromate to a paraphenylenediamine mixture.*° 


2. Silver Images. Silver images acting as catalysts for subsequent 
reactions, or salts resulting from silver images, may furnish the neces- 
sary oxidation for dye coupling. 

Silver images are usually transformed into salts as chlorides, bro- 
males and ferrocyanides which are capable of reacting with aniline 
derivatives and forming dyes.** 


3. Latent Images. Latent images may also serve as oxidizing agents. 


35 Hannaford, Brit. J. Phot. 7 (1860) 100. 

36 Willis, Brit. P. 2800 (1864). 

87 Kopp, Chem. News (London) 9 (1884) 296: 10, 28. 

88 Guserson and Andresen, D.R.P. 116,177 (1900); Brit. P. 12,313 (1900). 

39 Brit. P. 5879 (1901). Thiebault, Brit. J. Phot. 55 (1908) 738. 

40 Vidal, F.P. 391,465. 

41 Richard, Compt. rend. 122 (1896) 609, Fischer, Brit. Pat. 5602 (1913) ; 
WSs Pa 079:756: 
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The staining of silver images developed with agents like pyrogallol 
and amidol was observed by Liesegang.*? The stain was due to the 
formation of insoluble dyes ** which resulted from the oxidation of 
the developing agents and was found to be proportional to the silver 
density.44 The use of a sufficient amount of sodium sulfite was found 
to prevent stain. However, when a color image is desired, it is neces- 
sary to use developers which produce a stain or color. 

With the use of developing agents, which are dye intermediates, color 
images may be formed by either primary or secondary development, as 
previously discussed. It will be recalled that certain dye intermediates 
act as developing agents and produce ‘color.*° Others require the addi- 
tion of couplers for color formation.*® Couplers may be incorporated 
in the emulsion or added during processing.** If couplers are incorpo- 
rated in emulsions, it is necessary to prevent diffusion during coating 
and development. This is accomplished: by employing reagents con- 
taining one or more groups having substantive properties **; by the use 
of compounds having high molecular weight *°; or by the addition of 
precipitants.°° 

Removal of the silver image with solutions, like Farmer’s reducer, 
leaves the insoluble dye image in the emulsion. 


42 Liesegang, Phot. Arch. 36 (1895) 115. 

43 Luppo-Cramer, Phot. Korr. 42 (1905) 319; 43 (1906) 242. 

44 Watkins, Phot. J. 36 (1896) 245.: 

45 Homolka, Phot. Korr., 44 (1907) 55, 115; Eders Handbuch, Vol. 4 Pt. 2, 
My SOs 

46 Fischer, Chem. Zeitung (1912) 696; Phot. Korr. 51 (1914) 18. 

47 Fischer, U.S.P. 1,102,028. 

48 Agfa, F.P. 844,637. D.R.P. 503,732. 

49 Eggert, D.R.P. 52,094 IV 6, 576. 

50 Kodak, A.G.-D.R.P. 631,324. 


Watit—History of Three Color Photography. 

FrieEDMAN—Color Development. Amer. Phot. 34 (1940) 914; 35 (1941) 
62. 

FIscHER AND Srecrist—The Formation of Dyestuffs by Oxidation by 
Means of Exposed Silver Halide. Phot. Korr. 51 (1941) 18. 

The Photographic Chemistry of the New Color Film Processes. Die Pho- 
tographische Industrie 34, 46/47, Nov. 11/18 (1936). Also Brit. J. 
Phot. 84 (1937) 67, 86. 

THORPE AND LINSTEAD—Synthetic Dyestuffs: and Intermediate Products. 
C. Griffin & Co., London. Revised Edition (1933). 
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4. Silver-dye Images. Dye images resulting from oxidation, or re- 
duction, of dyes in contact with the silver image (Silver-dye Destruc- 
tion process) may act as bases for coupling, or as generators for new 
dye images. This procedure has been employed in some of the Gaspar 
methods. See Chapter 33. 

Color Processes Using Dye Coupling.—Most of the recent tri- 
pack color films and papers employ dye coupling development in the 
formation of the color images. The coupler components may either be 
incorporated in the emulsion layers or be present in the developing — 
solutions. (See Chapter 33.) 

For more recent advances dealing with development of chromogenic 
developers, new couplers, control of diffusion, and sensitivity of mate- 
rials, the student is referred to the literature, particularly the abstract 
journals and patents. Excellent reviews are found in the sections on 
“Progress in Color” in the British Journal of Photography and in 
“Color Photography’ and “Photographic Reviews” by Friedman in 
American Photography. 

The Rate of Reduction.—There are three phases in the process 
of development to form a silver image: (1) the induction phase, (2) 
the reduction phase, (3) the precipitation phase. 

Beginning with the surface of the emulsion layer, the developer 
rapidly diffuses through the gelatin and then more slowly penetrates 
the crystal of silver halide. This is followed by the progressive reduc- 
tion of silver halide to silver, and the addition of silver thus formed to 
the original nucleus a process, which, assuming a constant supply of 
fresh developer, continues until the crystal is completely developed. 

Diffusion plays a very important part in these reactions, and other 
things being equal, those crystals lying nearest to the surface of the 
emulsion layer will be penetrated and attacked first. Since the strength 
of the developer is being continually reduced by use, the development 
of the lower strata of silver halide grains will be delayed until the con- 
centration of fresh developer is sufficient to initiate and complete the 
reduction of the silver halide. Consequently, in the development of 
negative emulsions, or emulsions of any considerable thickness, it is 
probable that all three phases of the developing process are taking place 
at the same time. . 

The time elapsing between the application of the developer and the 
first appearance of the image is known as the induction period and 
corresponds with the arithmetical coefficient of development. The in- 
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duction period, with any particular developer, is a constant fraction of 
the time required for a given degree of development, but this arith- 


Std Log E Log E 


Fic. 206. Method of Determining the Increase in Density for a Given Exposure 
with Increased Development. 


metical relationship is altered by soluble bromides and iodides, the 
former lengthening and the latter shortening the induction. period.** 
If, for a given exposure, the 
variation in density with the time 
of development is found by erect- 
ing a perpendicular from a point 
on the log exposure axis, so as to 
intersect the straight-line portions 
of a family of H and D curves 
(Fig. 206) and density is plotted 
as a function of the time of de- 
eee velopment, a curve of the expo- 
Fic. 207. Curve Representing the penta Be (ie 607 = obtained: 
Relationship of Density and the Time This indicates that the growth of 
of Development. density is rapid at first, becoming 
slower and slower as development 
proceeds until the latent image is completely developed when it ceases, 
except for the increase due to the development of unexposed silver 
halide (fog). The maximum density obtainable (D Max) depends 
chiefly upon the emulsion, but varies to some extent with different 
developers. 


51 Sheppard, Phot. J. 45 (1905) 281; Sheppard, J. Chem. Soc. (London) 87 
(1905) 1311; Sheppard and Meyer, Phot. J. 60 (1920) 12. 
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The explanation of this progressive diminution in the velocity at 
which density increases is quite simple, although it is a difficult matter 
to find a mathematical expression which will cover all conditions. 

After development for any length of time short of that required to 
produce the maximum density, three kinds of grains are present: 


A. Developed grains. 
B. Developable but undeveloped grains. 
C. Undevelopable grains. 


The A grains represent the density already attained; the A and B 
grains together, the maximum density which can be secured exclusive 
of fog. The B grains, therefore, are the only ones subject to de- 
velopment and as the reaction proceeds the number of B grains will 
become less and less until finally when all are developed the process 
must stop. Thus the density undeveloped at any time ¢ will be 
(D,,—D), where D is the density developed at any time ¢ and D,, 
the maximum density. Supposing that the rate at which the developer 
reduces the exposed, but undeveloped, grains is a constant and in- 
dependent of the number of grains (as is actually the case) and that 
the rate of diffusion remains unaltered, we can express the rate of 
development, or dD /dt, as 


dD 
ie k(D. — D), 


where Fk is a constant determined by the rate at which the exposed 
grains are reduced by the developing agent. This formula fits the 
case fairly well with acid developers over a moderate range but wide 
variations are observed with most alkaline developers and other more 
complex equations have been suggested to account for the various 
factors involved.*? 


52 A comprehensive review of later work on the velocity of development and 
development velocity equations will be found in The Theory of Development, by 
AG ie Netz, 


Davinpson—Conditions Governing the Behaviour of Silver Bromide Grain 
During Development. II. Phot. J. 66 (1926) 230-242. 

Kroun—The Mechanism of Development of the Image in a Dry Plate 
Negative. Phot. J. 58 (1918) 179; Brit. J. Phot. 65 (1918) 412. 
Luppo-CraMER—Topographical Relations in Development. Z. wiss. Phot. 

24 (1926) 1-12. 
Nietz—Theory of Development. Phot. J. 60 (1920) 280. 
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The constant k is termed the velocity constant of development. 
With any particular emulsion and developer, at a particular tempera- 
ture, the value of & is a direct indication of the rate of development. 

To determine the value of the velocity constant, k, the values of 
gamma for two sensitometric strips simultaneously exposed and de- 
veloped for different times, of which one is double the other must be 
known. The values of yt and y? having been found, k may be cal- 
culated from the following equation: 


aes gama, F ny Dro 
= ;, log ana O 7 oS) aap 


where D,, = maximum density, D density at time ft. 


CHAPTER. X 
DEVELOPING AGENTS AND SOLUTIONS 


Inorganic Developers.—The number of inorganic reducing sub- 
stances which function as photographic developers is relatively small. 
The principal are: 


Ferrous oxalate (FeCl,O,), 
Ferrous fluoride (FeF,), 
Sodium hydrosulfite (Na,S.O,), 
Hydrogen peroxide (H,O,), 
Hydroxylamine (NH,OH), 
Hydrazine (N,H,), 

Copper chloride (CuCl). 


Most of these are of theoretical interest only. Ferrous fluoride, for 
example, functions as a developer in acid solution but is impractical 
because of the formation of hydrofluoric acid. Hydroxylamine forms 
a fairly vigorous developer in a strongly alkaline solution but nitrogen 
is produced and the emulsion layer disrupted. Ferrous oxalate and 
-sodium hydrosulfite, however, while not in general use, are more worthy 
of attention since both form developers of practical utility. Ferrous 
oxalate, in fact, was for many years in general use as a negative de- 
veloper, while sodium hydrosulfite has lately received some considera- 
tion as a developer for bromide prints for the carbro process.* 

Ferrous oxalate functions as a developer only in the presence of an 
excess of potassium oxalate. This forms the double salt K,Fe (C,O,), 
which dissociates into 


KeFe2(C20,)2 = FeC.0O, + K2C20u, 
the actual developing ion being Fe(C,O,),”. Thus the reaction taking 
place in development may be represented ° as 
(C202)! + Fe(C204)2”” a Ag — Fe(C204)3/”” + Ag. 


1 Durham, Brit. J. Phot. 87 (1940) 169; Brooks & Blair, Phot. Tech. 2 (1941), 


May, p. 12. 
2 Sheppard, Photography as a Scientific Implement, Van Nostrand (1923) p. 143. 
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As a developer ferrous oxalate is noteworthy for its fog-free, pure 
black, silver deposit. It does not, however, fully develop the latent 
image and greater exposure is necessary than with the more energetic 
organic developers. This is of no concern in the case of papers and 
transparencies for which it is well adapted on account of its freedom 
from stain and fog and the clean, neutral-black image. 

For those who may wish to experiment, the following formula is 
suggested : 


Av Ferrous sulfates sien. tence 330 gm. 514 oz. 
Walters tops cena meanness 1000 cc. I @% 
Sulbaavave BOG), wc ooo ccnsveer icc: 7 minims 


Only the highest grade ferrous sulfate should be used 
and this should be fresh. This stock solution will 
keep for only one or two days. 
By Potassiuny oxalate ganiae ee 330 gm. 514 oz. 
Hot waterto make we, .3. or 1000 cc. OMNROZ: 
For use, take one part of A to four of B. Add A to B. 


The following formula for sodium hydrosulfite has been recom- 
mended by Seyewetz as forming a rapid developer producing images 
of good contrast and comparatively free from fog, particularly with 
lantern slides and bromide papers: 


Sodium hydrosulfite (80%)... 100 gm. iez, 
Sodium bisulfite (60%)...... 165 gm. 1 oz. 285 gr. 
Potassium bromide.......... 35 gm. 154 er. 


For negative development 1 ounce 87.5 gr. (120 grams) of this mix- 
ture are dissolved in 10 ounces (1 liter) of water, while for most 
bromide papers and lantern slide plates twice this quantity of water 
should be used. 

Organic Developers.—The organic developing agents in com- 
mon use are all para or ortho diphenols, diamines or aminophenols as 
follows: 


aminophenols 


diphenols diamines one — OH + one 
two — OH groups two — NH: groups — NH: group 
para ortho para ortho para ortho 
OH OH NH: NH. OH OH 
H NH:z NH. 


OH NH, NH: 
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While there is some evidence to show that developing properties do 
not depend on the constitution of the reducing agent but simply on 
its reduction potential * the work of A. and L. Lumiére, Seyewetz and 
Andresen has established certain general rules which apply to the organic 
developing agents known. 


Compounds containing two hydroxyl (OH); two amino (NH,) or 
one hydroxyl and one amino group. 


1, These substances are developers only if the groups occupy the 
1 and 4 (para) or the 1 and 2 (ortho) positions in the benzene nucleus. 
For example: 


1 OH OH 
6 2 H 
©) 3 
benzene parahydroxybenzene orthohydroxybenzene 
(hydroquinone) (pyrocatechin) 
NH2 NH, 
NHe 
NH, 
paraminobenzene orthoaminobenzene 
OH OH OH 
NH 
NH, 
phenol paraminophenol orthoaminophenol 


2. Substances in which the two substituted groups occupy the 1 and 4 
3 Maurer and Zapf, Phot. Ind. 33 (1935) 90; Abribat, Phot. J. 75 (1935) 434. 


ANDRESEN—Organische Entwicklersubstanzen. Eder’s Jahrbuch 7 (1903) 
486. 

LUMIERE AND SEYEWETZ—Developing Properties of m-Derivatives. Sci. et 
Ind. Phot. 8 (1928) 37. 

SEYEWETZ—The State of our Knowledge of Organic Developing Agents. 
Bull. Soc. frang. Phot. (1920) 129; Brit. J. Phot. 66 (1920) 186. 

SEYEWETZ AND Szymson—Products of Oxidation of Photographic De- 
velopers by Silver Bromide. II. Bull. Soc. chim. 1 (1934) 1506. 
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or para position are more energetic developers than ortho (1:2) com- 
pounds. For example: 


OH OH 
H 


is more powerful than 


OH 


3. The dioxybenzenes are more energetic developers than the amino- 
phenols, and these in turn are more energetic than the diaminobenzenes. 

4. The substitution of chlorine or bromine for hydrogen in the 
benzene nucleus increases the developing energy. For example: 


OH OH OH 
Br Cl are more 
OF active than 
OH OH OH 
bromhydroquinone chlorohydroquinone hydroquinone 


5. The substitution of acid groups such as (COOH, SO,H, etc.) 
for hydrogen in the benezene nucleus lowers the developing energy. 

6. Developers with two hydroxyl groups (para and ortho hydroxy- 
benzene) require an alkali. Developers with one hydroxyl and one 
amino group (paraminophenol, orthoaminophenol will develop without 
an alkali but are not practical when so used). - 


Compounds containing more than two active groups (OH, NH,). 


1. Substances containing three groups with a symmetrical arrange- 
ment (1:3:5) are not developers. No definite rule appears to apply 
to other groupings. For example: 


OH OH 
| OH 
HO OH OH 
1: 3:5 hydroxybenzene 1: 2:3 hydroxybenzene 
(not a developer) (pyrogallol) 


2. The energy of developing agents containing three hydroxyl or 
amino groups is greater than that containing two such groups. 


SouTHwortH—Developer Constitution and Toxicity. Brit. J. Phot. 85 
(1938) 390. 
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For example: ; 
OH OH 


H 
is more energetic than 
OH 
OH 
b 1: 2:3 hydroxybenzene parahydroxybenzene 
(pyrogallol) — (hydroquinone) 


3. Compounds containing three hydroxyl groups (Pyrogallol) can 
develop without an alkali but are not practical unless used with an 
alkali. 

4, Increasing the number of amino groups increases the developing 
energy. For example: 


OH OH 
NH. NHe 
is more powerful than 
NH, OH 
diaminophenol monoamino parahydroxybenzene 


5. If the developer contains three or more hydroxyl and amino 
groups, the energy is greater without an alkali than with a developer 
containing only two such groups. For example: 


OH OH 
NH: 


is more energetic with-: 
out an alkali than 


NH: NH, 


diaminophenol paraminophenol 
7. The energy of a benzene derivative which is already a developer 
is increased by the introduction of a methyl CH, group. For example: 
The energy of 


OH | OH 


is increased by the replacement 
of one H of the NH2 by CHs; 


NH, NH CHs 


paraminophenol monomethylparaminophenol (metol) 
The maximum reducing energy is obtained when the group is in the 
ortho position with respect to a hydroxyl.* 
4 Seyewetz, A., Le Negatif en Photographie, 2d ed. p. 164. 
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Characteristics of the Principal Organic Developing Agents.— 
Diaminophenol (Amidol). Diaminophenol is one of the few develop- 
ing agents in general use which does not require an alkali. With 
sodium sulfite alone it forms an energetic, soft-working developer 
which is employed chiefly for the development of bromide papers. 
Solutions of diaminophenol deteriorate rapidly and generally are inac- 
tive in from two to three days even if kept in tightly closed vessels. 
Deterioration is not accompanied by any marked change in color; 
hence, the appearance of the solution is no indication of its condition. 
The keeping properties of solutions of diaminophenol may be improved 
slightly by the addition of boric acid,® glycollic ®° or lactic * acid or tin 
chloride.® 

Hydroquinone (Hydrochinon, Hydrokinone, Quinol). Wydroqui- 
none, a developing agent of low energy, is quite sensitive to bromide 
and other restrainers, and its activity is greatly reduced by low tem- 
peratures, so much so that it is practically inert below 50° F. (10° C.). 
In negative development, the highlights appear first, then the middle 
tones and lastly the shadows. The tendency, therefore, is towards 
density and contrast rather than detail. 

Hydroquinone is used alone chiefly for work in which extreme con- 
trast and density are required. It may be used with either the alkaline 
carbonates or the caustic alkalis, although the latter are preferred for 
the highest possible density and contrast, while for certain materials, 
the use of paraformaldehyde is recommended. 

For general purposes, it is usually combined with metol (mono- 
methyl paraminophenol). 

Chloro- or Brom-Hydroquinone (Chloroquinol, Adurol). As de- 
velopers these substances are similar to hydroquinone but are more 
energetic, particularly at low temperatures, are less sensitive to bromide 
and other restrainers, and have less tendency to fog and stain. For 
negative development, they are usually used in combination with metol. 

5 Namias, Prog. Foto. (1921) 45. 

6 Crowther, Brit. J. Phot. 67 (1920) 642. 


7 Bunel, Bull. Soc. frang. Phot. (1921) 290. 
8 Desalme, Brit. J. Phot. 68 (1921) 359. 


Druce—Stabilizing Solutions of Amidol. Brit. J. Phot. 69 (1922) 81. 

BRAMER AND ZABRISKIE—Production of Hydroquinone. (Eastman Kodak 
Co.) U.S: P. 1998177 01 525.434, 

LogeEL AND BuNEL—Developer Containing Diaminophenol and p-Phenylene- 
diamine in Bisulphite Solution. Bull. Soc. frang. Phot. 13 (1926) 
143-147. 
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Glycin (Athenon). Asa developer, glycin is slow but powerful. It 
is especially notable for the fine grain of the reduced silver and the 
freedom from any tendency to fog even in the absence of an alkaline 
bromide. Unlike other organic developing agents, glycin is not directly 
oxidized by air and does not produce a stain image. It keeps well in 
solution and is especially suited to continuous use in tanks. Glycin 
is frequently used in combination with metol, with paraphenylenedi- 
amine and with hydroquinone for warm-black tones on papers. Chemi- 
cally, it is p-hydroxy phenylaminoacetic acid. 

Monomethylparaminophenol (Metol, Elon, Rhodol, Photol). Metol 
alone, or in combination with hydroquinone, has been one of the most 
popular of all developers since, its introduction by Hauff in 1891. It 
is a rapid, soft-working developer which is only slightly affected by 
the presence of bromide or other restrainers. It has a long useful 
life, and used alone it will develop a larger amount of sensitive ma- 
terial before becoming exhaused than any other agent. 

While metol will develop without an alkali, it is generally used with 
the alkaline carbonates, although borax and other alkalis are employed 
for special purposes. At times, it is difficult to secure sufficient con- 
trast with metol alone; hence, it is usually combined with hydro- 
quinone. Other popular combinations are metol-glycin and metol-pyro. 

Paraminophenol. The free base is only slightly soluble in water ; 
hence, the hydrochloride or sulfate is generally employed. When used 
with the alkaline carbonates, paraminophenol forms a rapid, soft- 
working developer which is notably free from any tendency to produce 
development fog even at temperatures considerably above normal. 
Paraminophenol is for this reason especially suitable for high tempera- 
ture development. 

Highly concentrated paraminophenol developers of exceptional keep- 
ing properties may be prepared by adding paraminophenol hydro- 
chloride or sulfate to a solution of potassium metabisulfite and adding 
sufficient sodium hydroxide to dissolve the precipitated free base. 
Developing preparations of this type have been available commercially 
for years; among the better known are Rodinal, Azol, and Actival. 


ErRMEN—Rodinal Type Developers. Brit. J. Phot. 67 (1920) 611. 

Gray—The Preparation of Concentrated Developing Solutions. Brit. J. 
Phot. 80 (1933) 175. 

ScHERING—Benzyl Para-amidopkenol Compounds as Developers. British 
Patent 20,050 (1907). : 

WiL_cock—Concentrated Phenolate Developers. Brit. J. Phot. 83 (1936) 
256-257. 
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Paraphenylenediamine. The developing properties of paraphenyl- 
enediamine were discovered by A. and L. Lumiére and A. Seyewetz 
who recognized its value as a fine-grain developer.? The fine grain 
is due (1) to its solvent action on silver halide and (2) its low reduc- 
tion potential. These two factors prevent full development of the 
latent image thus necessitating an increase in exposure as compared 
with more energetic developers such as paraminophenol and diamino- 
phenol. It is possible that development with paraphenylene diamine is 
largely of the character associated with physical development in which 
silver is deposited on the latent image from a silver-bearing solution. 

The silver deposit is dichroic, i.e., black by transmitted light and 
cream-colored by reflected light so that.a thin negative frequently ap- 
pears positive by reflected light. The printing density, however, is 
greater than the visual density so that negatives which appear to be 
lacking in density and contrast may be of good printing quality. 

The free base, C,H,(NH,)., is slightly alkaline and may be used 
without an alkali; the hydrochloride, C,H,(NH,),°2HCl, however, 
is acid and must be used with an alkali in order to develop. The 
hydrochloride oxidizes less readily than the free base and is more 
soluble in cold water although less so in hot water. Both keep well 
in the dry state if protected from the air. 

Paraphenylenediamine (free base) is supplied under many trade 
names such as Paramine, Diamine, Diamine P. Dianol, etc., and the 
hydrochloride as P.D.H., Diamine H. etc. Both are toxic and produce 
painful skin eruptions on those susceptible. For those affected by 


» Bull, Soc. franc. Phot. 20 (1904) 422. 


BRAMER AND RuGcLes—Process for Preparing Metol. Kodak Ltd. B.P. 
435,721 (10.11.33). 

EMMERMANN—Pyrogallol Monomethylether as Developing Substance. 
Phot. Ind. 36 (1938) 1085. 

ERMEN—Preparation of Monomethyl Paramidophenol Sulphate (Metol). 
Pots Os 192 )aoce: 

Hust—Metol-Quinol Developer. Phot. Rund. 63 (1926) 481-487. 

REINDERS AND BEeuKERS—Metol-Hydroquinone Developers. Phot. J. 74 
(1934) 78. 

LEHMANN AND Tauscu—Chemistry of Metol-Quinol Development. Phot. 
Kort 57101935) 7174356 

TSCHIBISSOFF AND TSCHELZoFF—Chemistry of Developers and Develop- 
ment. II. Metol-Quinol Developers and Metoquinone. Kinotech. 11 
(1929) 315-321. 

WHITAKER—Manufacture of Monomethyl Para-Aminophenol and its Sul- 
phate. (Industrial Dyestuff Co.) U.S.P. 1,993,253 of 18.9.34. 
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paraphenylene, the use of rubber gloves appears to be the only pre- 
ventative. 

, Pyrogallol. Pyrogallol has been in use longer than any other organic 
developing agent; however, it has a number of disadvantages which 
cause it to be used less and less. It oxidizes readily and the yellow 
oxidation product stains the gelatin so that the useful life of a pyrogallol 
developer is short. In development the oxidation taking place in the 
reduction of the exposed silver halide to metallic silver results in the 
formation of a stain image. Most developers produce a stain image but 
with none of the common developing agents is the stain image as intense 
as with pyrogallol. Its existence can be demonstrated by reducing a 
portion of a pyro developed negative in Farmer’s reducer. This re- 
moves the silver image, leaving a yellow image which is composed of 
the oxidation product formed in the process of development. The 
intensity of the stain image depends on the amount of sodium sulfite 
or other preservative used, the amount of solution exposed to air, the 
temperature, and the degree of agitation. It is difficult to control all 
these factors precisely, and therefore, the intensity of the stain image; 
hence, since the density and contrast of the negative vary with the stain 
image, it is difficult to secure as uniform results with pyrogallol as with 
other developing agents. 

Pyrogallol is usually employed with the alkaline carbonates as an 
alkali; in the presence of diaminophenol, however, pyrogallol is capable 
of developing without an alkali.’° 

10 Hall, American Photography (1922) 326; Bunel, Bull. Belge Phot. 44 (1922) 
151. A number of methylated, ethylated, or other substituted pyrogallols have 


been patented. Rubinol, a product of the Defender Photo Supply Co., of Roches- 
ter, N. Y., appears to be monotertiary butyl pyrogallol. 


OH 
OH. 


OH 


| 
H;C—C—CH;3 


CH; 


Pyrogallol-dimethylaniline—Bayer, B.P. 10,721. 
Pyrogallol-methylether-monoglycollic acid—Agfa, D.R.P. 155,568. 
Pyrogallol-1-monoethylether—Schultes, U.S.P. 2,017,295. 
Monomethyl-pyrogallol—Stockelbach, U.S.P. 2,037,742. 


Lowe—Paraphenylenediamine: Free Base or Hydrochloride? Zeiss Maga- 
zine 2 (1936) 43, 58, 75 and 78, 


324 ooo DEVELOPING AGENTS AND SOLUTIONS 


Pyro is a very flexible developing agent, much more capable of 
modification than some of the agents which have largely replaced it. 
With concentrated solutions, strong contrast may be obtained while 
with more dilute solutions and a lower concentration of alkali, soft, 
delicate results are produced. Pyro is perhaps most often used alone; 
frequently, however, it is combined with metol or with glycin. 

Minor Developing Agents——The following developing agents 
are (1) little used, (2) used only for special purposes or (3) are no 
longer available commercially. 

Edinol. As a developer, Edinol is similar to metol but less ener- 
getic. It is noticeably free from staining and fogging tendencies. It 
may be used alone, but is more generally employed in combination with 
hydroquinone. It is now seldom employed except by those affected by 
metol. Chemically, Edinol is o-hydroxymethyl p-aminophenol. 

Eikonigen. This developer is no longer available commercially, 
having been replaced by metol which it resembled in many respects, its 
principal differences being its lower energy and more rapid exhaustion 
in use. Chemically, Eikonigen is 1-amino-2-naphthol-6-sulfonic acid. 

Ortol. Used alone, ortol bears a close resemblance to pyro, not only 
as respects the color of the image, which is brownish-black, but in the 
progressive appearance of the image. As with pyro, the highlights 
appear first, followed by the half-tones, and lastly the shadows. This 
gradual building up of the image is quite different from the action of 
metol and other rapid developers in which the highlights, half-tones, 
and shadows appear at very nearly the same time, and density is built 
up later. Ortol, however, does not stain and keeps better in solution. 
Chemically, it is o-aminophenol sulfate and hydroquinone. 

Pyrocatechin (Kachin). Pyrocatechin is a more energetic devel- 
oper than hydroquinone, to which it is closely related chemically. It 


WEINLAND—Pp-Phenylenediamine—the Chemical. Camera (Phila.) 49 
(1934) 145. 

SEYEWETZ—Use of o-Phenylenediamine for the Development of Fine-grain 
Images. Bull. Soc. frang. Phot. 23 (1936) 159. 

JacossouN—Properties of the Pyrogallol Developer. Kinotech. II (1929) 
76. 

ScHuLTES—New Developers Derived from Pyrogallol. Phot. Ind. 34 
(1936) 896; Sci. et Ind. Phot. 7 (1936) 344. 

SEYEWEtTzZ—Combination of Developers of Phenolic Function with those 
of Amine Function. New Combination of o-Phenylenediamine and 
Pyrocatechol. Bull. Soc. frang. Phot. 23 (1936) 253. 
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differs from other common organic developing agents in retaining its 
normal developing power in the presence of hypo. This property has 
caused it to be used in processes of combined developing and fixing. 
Pyrocatechin (Catechol) is 1-2 dihydroxy benzene. 

Metoquinone and Chloranol. These are two introductions of A. 
and L. Lumiére.1*  Metoquinone is a chemical combination of methyl- 
paraminophenol (metol) and hydroquinone and chloranol a combina- 
tion of paraminophenol and chloro-hydroquinone. Unlike the parent 
substances both develop without an alkali. In this and many other 
respects, they are similar to diaminophenol, but unlike it are quite 
stable in use. Except for Lumiére products, such as the Lumiére 
Autochrom, neither is in general use. Pyramidol, a condensation prod- 
uct of paraminophenol and hydroquinone, was introduced by Hauber- 
risser. It was similar to paraminophenol and is no longer available 
commercially. 

Duratol, Monomet, Neol, Hydramine. ‘These are all no longer ob- 
tainable. Duratol (Benzyl paraminophenol) was introduced by Scher- 
ing in 1910 as a substitute for methylparaminophenol, as was monomet 
(paraminothocresol hydrochloride) introduced by the White Band 
Company in 1916. Neol (paraminosalicylic acid) was introduced by 
Hauff in 1918 as a compensating developer permitting the correction 
of considerable overexposure.’* Hydramine, a condensation product 
of hydroquinone and paraphenylene diamine, was introduced by A. and 
L. Lumiere in 1899, 

A combination of pyrocatechin and paraphenylenediamine was intro- 
duced by Johnson Ltd. of London, for fine grain development under 
the trade name of Meritol.** 


OH NH: 
OH 
BE 
NH, 
Reduction Potential of Developing Agents.—The relative re- 
ducing energy of a developing agent is known as its reduction potential. 


The reduction potential of a developing agent may be determined in 
one of three ways: 
11 Bull. Soc. franc. Phot. (1903) 231. 


12B.P. 154,198 of 1918. Ltippo-Cramer, Phot. Korr. (1920) 270. 
13 Starnes, B.P. 466,626. 
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1. The amount by which density is depressed with a given quantity 
of a restrainer such as potassium bromide. For a given concentration 
of potassium bromide, under fixed conditions of development, the 
amount by which the density is reduced, or depressed, will depend upon 
the ability of the developer to overcome the resistance of the soluble 
bromide. Developing agents of high energy will, under the same con- 
ditions, require larger amounts of potassium bromide to produce a given 
reduction in density than those of lower energy, hence the concentra- 
tion of bromide required to produce a given depression in density will 
be in direct proportion to the energy, or reduction potential, of the 
developing agent. This method of measuring the relative reduction 
potential of developing agents appears to have originated with Shep- 
pard ** and has been more widely used than either of the others about 
to be described. 

2. The amount of silver bromide reduced to-silver by a given quantity 
of the developing agent. By this method a given quantity of the de- 
veloper is added to silver bromide, formed by precipitation in water, 
and the reduced silver is collected and measured. The reduction 
potential of the developing agent is then expressed in terms of the 
quantity of metallic silver produced from the reduction of silver 
bromide. This method, apparently the first to be employed, was 
originated by Andresen 1° but has never been widely used. 

3. Electrometric Methods. The possibility of measuring the reduc- 
tion potential by developers by electrometric methods was indicated 
by Oswald,'® who called attention to the analogy with Ohm’s law. 

Electrometric methods have been utilized by Bredig, Matthews and 
Barmeier, Frary and Nietz and more recently by Evans and Hanson. 
The results obtained by the latter are quite different from earlier meas- 
urements made by the density depression method as will be evident 
from the following table in which the values from the density depression 
method, used by Nietz, are compared with those obtained by the 
electrometric method; the potentials given being measured against the 
standard saturated calomel reference cell.'7 


14 Sheppard, J. Chem. Soc. (London) 39 (1906) 530. 

15 Andresen, Phot. Korr. 35 (1898) 447. Valenta, Photographische Chemie und 
Chemikalien-Kunde, Ii, 506, Wm. Knapp, Halle a/S. 

16 Oswald, Outlines of General Chemistry. Macmillan 1890. 

17 Evans and Hanson, J. Phys. Chem. 41 (1937) 509, 
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REDUCTION POTENTIAL 


Density Electro- 
Depression metric 
Developing Agent Method Method 
Diaminophenole esse. sate te oa he OO —0.434 
Bromlydroquinone aa aa eters een kee 21 = 01327 
Monomethylparaminophenol sulfate......... 20 —0.308 
Evcovalloleercs ec ser ic Ler rere a 16 —0.388 
Dimethylparaminophenol sulfate............ 10 .— 0.293 
Chloriiydroquinone aan ae nine eee = 7.0 — 0.335 
Paraminophen ole (id Cl) eine ier ware te ease 6.0 —0.291 
Mholubydroquinonerw. passer ae ee. Dep —0.390 
Ey droquinoneme rae te on ne es 1.0 (standard) —0.357 
Paraphenylenerdiammes a soiree one 0.8 


The outstanding difference in the values obtained by the two methods 
is the much higher potential of hydroquinone with the electrometric 
method than with the older density depression method. It will be 
observed that the potential of hydroquinone, as measured by the elec- 
trometric method, is higher than that of monomethylparaminophenol 
(metol), while the difference in potential is greater, and in the opposite 
direction, when measured by the depression of density. The potentials, 
as measured electrometrically, do not correspond very well with the 
observed differences in the rate of development, or velocity constant, 
but are in fair agreement with the maximum densities obtainable with 
the various developing agents. 


Solubility of Developing Agents. 


Solubility in Solubility in 
Water at 60° F, 5% Na2SO3 
Agent (15° C,) and NaxCO3 
Diannnophenol messes mie rolereea es 1in4 
EA EON AN0 VER 48 be ae ee reais e 15.9 gm. per liter 9.7 gm. liter 
4 SG Bile oa WOR SR aes atic e APU sin ee buenas SS 
Bs (Gly CIT teh eer er hs 2 | heroe ata crates me O23 e ties aie A DEST eaves 
FE y CLOG MINONE Hamre we stron «cote Rice ree Seep 48 tte 1 ke. een 
ENT CLOMMS eiecthore os c ete ee oe ARR tiseSe ALS SMBUS 4S 
*Paraminophenol (base) HCl............ SSO mae Pusan £86 ity ae 
A Per OCALECIIMemmeeetn sean atare orks acre teat ore BSC ae a faa ecto ga St Spars weed 
£5 PA Ia ROL oats “len (Oe OCIS CORA HORA ROR TO CTOlorn AG 524 Sir csmiene cl" Clee Staak ee Oa 


* Kail, Phot. Korr. 1921, Festnummer. 


Keeping Properties of Developers in Solution——The keeping 
properties of a developing solution depend upon the developing agent, 
the concentration of sulfite, and in certain cases, as with pyrogallol, the 
acidity of the solution. No investigations of the rate of oxidation with 


Evans AND Hanson, Jr.—Reduction Potential and the Composition of an 
M.Q. Developer. J. Soc. Mot. Pict. Eng. 30 (1938) 559. 
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different developing agents using a constant concentration of sulfite 
appear to have been made. Milbauer *® studied the rate of oxidation 
of various developing agents using typical formulae. The order of 
stability was found to be as follows: glycin (best), chloro-hydroqui- 
none, metol, eikonigen, ortol, hydroquinone, diaminophenol and lastly 
pyrogallol. 

The rate of deterioration of developing solutions was studied also 
by Hubl’® who placed the different agents in the following order: 
metol-hydroquinone (best), glycin, pyrocatechin, chloro-hydroquinone, 
metol, hydroquinone, and lastly pyrogallol. 

Differences among Developing Agents with Respect to Thresh- 
old Speed.—The various developing agents differ in the minimum 
light exposure rendered visible upon development. Of the common 
organic developing agents, methylaminophenol (elon, metol, etc.) re- 
sults in the highest threshold speed and pyrogallol, the lowest. In 
general, the order in which developing agents are placed in this respect 
is the same as their reduction potential and it is possible that there is 
some connection between the two.” 

The difference between developing agents is largely independent of 
the composition of the developer. The differences are more marked 
in the case of process and positive materials than with those of higher 
speed. 

Differences in Developing Agents as Respects Fogging Prop- 
erties—The fog characteristic of a developer may be defined as 
the ratio of the rate at which the image is developed and that at which 
fog appears.”* 

The fog characteristic depends upon so many factors that it is diffi- 
cult to determine values for the developing agents directly except under 
certain narrowly defined conditions which in many cases are not di- 
rectly applicable to those of practical photography. In general, how- 
ever, it may be said that there appears to be no connection between the 
fog characteristic and the reduction potential of a developing agent. 
Thus hydroquinone, pyro, metol and diaminophenol represent a series 
with increasing reduction potential, but with fogging tendencies in the 


18 Phot. Korr. 54 (1917) 232. 

19 Entwicklung der photographischen Bromsilbergelatineplatten, W. Knapp, 
Halle a/S 1922. 

20 Bullock, Sct. Ind. Phot. 6M (1926) 33, 41; 7 (1927) 5, 9. 

#1 Sheberstov, Sci. et Ind. Phot. 6 (1935) 298. Sheberstov, Bull. Soc. franc. 
Phot. 22 (1935) 209, 
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reverse order.”* Paraminophenol is exceptionally free from any tend- 
ency to produce fog even at high temperatures. According to Sche- 
berstow, it has the lowest fog ratio of any of the organic developing 
agents in general. use. It is probable that the fogging tendencies of 
some developing agents are increased by the impurities found in the 
commercial product and by oxidation products which in some cases 
tend to produce fog.?* 

Mees and Piper found that fog is practically independent of the 
concentration of alkali—a conclusion at variance with the commonly 
accepted opinion—but increases rapidly with an increase in the con- 
centration of sulfite up to a maximum, which varies with different 
developing agents. Beyond this point, the increase is slight. The 
tendency of a developer to produce fog almost invariably increases 
with the dilution owing to the increased oxidation which results in 
aerial or oxidation fog.*4 

Differences in Developing Agents with Respect to Rate of Ex- 
haustion.—With all developing agents, there is a loss in activity 
with use. This loss in activity affects development in two ways: 
(1) longer development is required to reach a given degree of con- 
trast or gamma, and (2) the lower densities are less fully developed 
tending to produce the effect of underexposure. 

The effect of repeated use on density with different developing agents 
using a standard formula was investigated by Strauss who found that ?° 
metol has the longest useful life, followed in order by paraminophenol, 
edinol, ortol, chloro-hydroquinone, glycin, pyrocatechin and, much worse 
than the others, pyro. 

Ermen investigated the exhaustion of developers using the time of 
appearance on developing papers.** His results placed the different 
developing agents in the following order: metol (best), dimethylamino- 
phenol, paraminophenol, metol-chlorohydroquinone, chloro-hydroqui- 
none, and lastly hydroquinone. 

Identification of the Principal Developing Agents——Methods of 
identifying the various organic developing agents have been described 

22 Nietz, Theory of Development, Van Nostrand 1922. 

23 Crabtree, “Chemical Fog,” American Annual of Photography, 1919. 

24 Mees and Piper, 51 (1911) 226; 52 (1912) 221. 


25 Phot. Ind. (1925) 309. 
26 Brit. J. Phot. 68 (1921) 64. 


DuNDON AND CRABTREE—Fogging Properties of Developers. Brit. J. 
Phot. 71 (1924) 701, 719. 
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by Andresen,?? Clarke,?* Ermen,?? Lehrman and Taush,*° Plauman ** 


and by Huse and Atkinson.*” 


last mentioned paper. 


The accompanying table is from the 


IDENTIFYING REACTIONS OF DEVELOPING AGENTS 


Agent 


Ferric Chloride 
(in Acid Solution) 


Benzaldehyde 
(in Alkaline Solution) 


Sodium Nitrite 
(in Acid Solution) 


Elon 
‘(ME.P. Elon base, 
fey (Ca) 


Glycin 
(M.P. 200° C.) 
Amidol 
(M.P. base, 
USCS) 
P-amino phenol 
(M.P. base, 
184° C.) 
P-phenylene di- 
amine (M.P. 
base, 140° C.) 


Purple color de- 
velops slowly in 
cold 


Darkens slowly in 
cold 

Bright red color 
immediately 


Purple color de- 
velops slowly in 
cold 

Green-blue, chang- 
ing immediately 
in brown 


No ppt. if pure 


No ppt. 


Dirty yellow ppt. 
M.P. indetermi- 
nate 

Yellow ppt. 
MEIER Ce 


Yellow ppt. 
NIBP Saisie 


Colorless, needles 
slightly soluble 
in water, M.P. 
NSXoP (Ex 

No ppt. 


Dark brown ppt. 
Red color with 
R-acid 


Red color with 
R-acid 


The Preservative—All organic developing agents have a strong 


affinity for oxygen. 


It is necessary, therefore, to add an antioxidizing 


agent, or preservative, which is usually sodium sulfite, NaSO, (des- 


sicated), or Na,SO,.7H,O (crystal). 


Sodium sulfite is occasionally 


replaced wholly, or in part, by sodium bisulfite, Na,HSO,, which in an 


27 Andresen, Valenta, Photographische Chemie und Chemikalienkunde, Knapp, 


Halle a/S. 


28 Clarke, J. Ind. & Eng. Chem. Novy. 1918; Brit. J. Phot. 65 (1918) 499. 


29 Ermen, Brit. J. Phot. 64 (1917) 390. 


30 Lehrman and Tausch, Phot. Korr. 71 (1935) 17, 35. 


31 Plauman, Phot. Ind. 29 (1931) 341. 


32 Huse and Atkinson, The Chemical Analysis of Motion Picture Developers and 


Fixing Baths. 
Gali 


Motion Picture Film Division, Eastman Kodak Co., Hollywood, 


Evans AND Hanson, Jr.—Chemical Analysis of an M.Q. Developer. J. 
Soc. Mot. Eng. 32 (1939) 307. 
SoutHwortH—Acid Sulphites versus Normal Sulphites in Developers. 
Brit. J. Phot. 85 (1938) 262. 


TuL_t—Oxidation of Stock Sulphite Solutions. 


135) 


Brity J: Phot. 85°-¢1938) 
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alkaline solution is converted into sodium sulfite and sodium bicarbonate. 

The addition of sulfite (1) protects organic developing agents against 
aerial oxidation; (2) tends to prevent the formation of staining de- 
veloper products; (3) acts as a silver halide solvent by the formation of 
complexes, and (4) is a weak alkali and under certain conditions in- 
creases the rate of development and the maximum density obtainable. 

The reactions involved are not precisely known but it appears from 
the work of Andresen,** Pinnow,*4 Rzymkowski,®> Seyewetz and Szym- 
son,°® Lehrman and Tausch,?? and Evans and Hanson ** that the chief 
product is a monosulfonate of the developing agent. This appears to 
be formed in two steps which may not be the same for all developing 
agents. The intermediate compound, however, is an oxidized form of 
the developing agent which then reacts with the sulfite to form the 
monosulfonated compound. In the opinion of Evans and Hanson, “the 
primary action of sulfite in a developer solution is that of an acceptor 
for the oxidized form” of the developing agent. 

As a solvent of silver halide, sodium sulfite is used in a relatively high 
concentration in so called “ fine grain” developers. The solvent action, 
which is at its greatest with silver chloride and relatively insignificant 
with silver iodide, acting upon the surface of the grains of silver halide 
prevents them from attaining their full size in development and reduces 
the tendency of the grains in close proximity to one another from 
merging to form larger aggregates of silver. 

The addition of sulfite to an alkaline solution of certain developing 
agents, particularly hydroquinone, paraminophenol, and metol, affects 
the rate of development and particularly the maximum density. Evans 
‘and Hanson have shown that this may be explained as being due to the 
increased potential of the solution, an increase in the potential of the 
solution resulting in an increase in the maximum developable density. 

The quantity of sulfite employed varies greatly; among the factors 
determining the amount required are: 


1. The susceptibility of the developing agent, or agents, to oxidation. 
Developing agents vary considerably in resistance to oxidation, ranging 
from pyrogallol, which in an aqueous solution is completely oxidized 


33 Andresen, Eder’s Handbuch, 6th Ed. (1930) vol. 3. 

34 Pinnow, Z. Elektrochem. 21 (1915) 380. 

35 Rzymkowski, Phot. Ind. (1928) p. 627. 

36 Seyewetz and Szymson, Bull. Soc. fran¢g. Phot. 21 (1934) 71, 236. 
87 Lehrman and Tausch, Phot. Korr. 71 (1935) 17, 35. 

38 Eyans and Hanson, J. Phys. Chem. 41 (1937) 509. 
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within a few hours, to glycin which is oxidized only very slowly. The 
more readily the developing agent accepts oxygen from the air, the 
greater the amount of preservative required for satisfactory keeping 
properties in solution. 

2. The concentration of the developer. The amount of preservative 
required for a dilute developer is greater than for a more concentrated 
solution because the proportion of the developing agent to the available 
oxygen is less, thus rendering necessary an increased amount of the 
preservative to insure satisfactory keeping properties. 

3. The temperature at which the developer is kept. The rate of oxi- 
dation increases with the temperature; consequently, a developer used 
at a temperature above normal requires a larger amount of preservative. 

4. The keeping properties required and the way in which the solution 
is used. Developers which are used once in a tray and then discarded 
naturally do not need to keep so well as those designed for use in tanks 
over a long period of time. On the other hand, the conditions under 
which the developer is used may favor rapid oxidation of the solution. 
The amount of oxidation, for example, is relatively greater in tray de- 
velopment than in a tank because a larger proportion of the solution is 
exposed to air. In certain of the processing machines used in motion 
picture film processing and photo-finishing, film is exposed to the air 
for some time in transfer from one tank to another or in passing over 
loops above the surface of the solution. In such cases, an increased 
amount of the preservative is required to prevent rapid oxidation of 
the developer and oxidation fog. 

5. The alkalinity of the solution. The more strongly alkaline the 
developer, the more rapid the rate of oxidation; for satisfactory keeping 
properties it is necessary, therefore, to use an increased amount of pre- 
servative. Under given conditions, a larger amount of preservative is 
required with the caustic alkalis than with alkaline carbonates. 

Insufficient amounts of the preservative result in rapid oxidation of 
the developer causing (1) a loss in developing power, (2) the forma- 
tion of colored oxidation products which stain the gelatin and (3) oxida- 
tion fog. 

Large amounts of the preservative improve the keeping properties of 
the developer but increase the time of development and reduce the 
effective emulsion speed through the solvent action on silver bromide. 

The Alkalis—The alkalis commonly employed in organic de- 
velopers are the alkaline carbonates (sodium and potassium carbonate), 
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the caustic alkalis (sodium, potassium, ammonium and lithium hydrox- 
ide), and for special purposes the basic phosphates (sodium tribasic 
phosphate), the borates and metaborates. Other substances less fre- 
quently employed include acetone, formaldehyde, paraformaldehyde or 
trioxymethylene, trimethylamine, trimethylanolamine, sodium metasili- 
cate and salicylic acid. Some of these are not alkalis in the usual sense 
but disassociate in solution and combine with the sulfite and the de- 
veloping agent to produce the necessary alkali. With acetone and hy- 
droquinone, for example, the reaction is probably 


2C tee GCOvCH, + 2Na2SO3 + C.H..OH .OH 
= 2(CHs3 3 CO . CH3;NaHSOs) + Ceo. ‘ ONa < ONa. 


In other words, the acetone results in the disassociation of the sodium 
sulfite into sodium bisulfite and sodium hydroxide. 

The evidence available indicates that for any particular developing 
agent the rate of development is very largely, if not wholly, a function 
of the pH of the solution. The particular alkali appears to be immate- 
rial, so long as the quantity used results in a solution of the same pH 
value.*? 

The substitution of one alkali for another on the basis of molecular 
weight will not, therefore, result in a developing solution of the same 
energy unless the substitution results in a solution having the same 
pH value. 

Each developing agent has its own pH limits within which it may be 
used practically as a developer. Metol (Monomethylparaminophenol), 
for example, is an active developer at a pH of 6, while hydroquinone 
is practically inactive, requiring a solution pH of about 9. The activity 
increases with increased solution pH much more rapidly, however, in 
the case of hydroquinone than with metol, both displaying an equivalent 
activity at a solution pH of approximately 10.5.*° 

39 Exceptions should be noted in the case of the basic phosphates (Burki and 
Ostwald, Helv. Chim. Acta 22 (1939) 30); and the Borates (i.e., Borax) in the 
case of certain developing agents, namely, pyro and pyrocatechin (Reinders and 
Beukers, Phot. J. 74 (1934) 78). 


40 Reinders and Beukers, Phot. J. 74 (1934) 78; Stenger and Mutter, Phot. Ind. 
31 (1933) 712, 736, 760, 777. 


Groves—Alkali Substitutes in Developers. B.P. 488,374 (1937). 

SEyYEwEtz—Use of Hexamethylenetetramine in Photographic Developers. 
Bull. Soc. Franc. Phot. (iv) I (1939) 85. 

Witi_cock—Trioxymethylene (in Developers). Brit. J. Phot. 86 (1939) 
195. 
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The alkali in widest use is undoubtedly sodium carbonate, desiccated 
(Na,CO,) or monohydrate (Na,CO,.H,O). Potassium carbonate 
(K,CO,) owing to its greater solubility, is more suitable for concen- 
trated stock solutions but is not widely used because of its higher price. 
The caustic alkalis are used chiefly in developers designed for use with 
process materials employing developing agents of low energy, such as 
hydroquinone. In general, developing solutions containing caustic al- 
kalis are exhausted more rapidly with use than those with the fixed 
alkalis, such as sodium carbonate. 

Borax, the tribasic phosphates, and other substances mentioned in the 
first paragraph of this section, with the exception of formaldehyde and 
paraformaldehyde, are used chiefly in the so-called “fine grain” de- 
velopers. The use of paraformaldehyde (trioxymethylene) is re- 
stricted practically to developers designed for the specialized sensitive 
materials employed in photomechanical reproduction processes. 

Effect of an Alkaline Bromide in Development.—The presence 
of an alkaline bromide, such as potassium bromide, lowers the degree 
of ionization of silver bromide, and by reducing the concentration of 
silver cations restrains development. The effect of an alkaline bromide 
on development is shown in Fig. 208. It is evident that with increased 
times of development not only the slope of the straight-line portion of 
the D log E curve increases but that it shifts towards the left so that 
speed increases with the gamma. 

The restraining effect of an alkaline bromide is more marked with 
developers of low energy, such as hydroquinone, than with the more 
energetic, such as metol. The depression in density resulting from an 
alkaline bromide is for any particular developing agent approximately 
proportional to the logarithm of the bromide content and is equivalent 
practically to reducing the effective speed of the emulsion. The effect, 
however, becomes less marked as the time of development is increased. 

An alkaline bromide is added to developing solutions chiefly for the 
purpose of preventing fog. The restraining effect of bromide is 
greater on fog than on the latent photographic image; however, since 
modern negative materials almost invariably contain free bromide, and 
restraining substances are formed in the process of development, a 
restrainer is omitted in many developing formulas and the solution 
“conditioned” before use by developing waste film, or by adding a 
small quantity of used developer. The restraining products added in 
this manner are more effective in preventing fog than is potassium 
bromide. 
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A number of organic substances have been discovered which, for a 
given depression of density, are more effective in preventing fog than 
is potassium bromide. These, however, have not come into general 
Wises” 


DENSITY 


———e- |oxe}) |= 


Fic. 208. Effect of an Alkaline Bromide on Development. 


The restraining effect of bromide on fog enables development to be 
carried to a higher contrast; hence, to obtain the highest possible con- 
trast in any particular emulsion, a comparatively high concentration of 
bromide is an advantage. This is particularly the case with sensitive 
materials of the process type. 

Effect of Use on Developing Solutions.—With use, a developing 
solution becomes slower in action as a result of (1) depletion of the 
developing agent, or agents, and (2) the restraining effect of by- 
products of the process of development in the form of sodium bromide, 
sodium iodide, and developer oxidation products. Some of the sulfite 
is used up in combining with the oxidation products of the developing 
agent, but in view of the relatively large quantity of sulfite present in 

41 Trivelli and Jensen, J. Franklin Inst. 210 (1930) 287; (1931) 155. Wulff, 


U.S.P. 1,696,830. Citrates, tartrates and boro-tartrates act similarly to potassium 
bromide. Lobel, Bull. Soc. frang. Phot. (1928) 167. 
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most developers, the decrease is insignificant. Only a small part of the 
total quantity of alkali is used up in development. 

The by-products of development which accumulate in a used devel- 
oping solution retard development and increase the time of develop- 
ment necessary for a given density and contrast. If present in more 
than a limited amount, development is so greatly restrained as to reduce 
the density of the highlights and shadows of the image even upon pro- 
longed development, resulting practically in a loss in effective emulsion 
speed. A used developer, therefore, is incapable of getting the most 
out of an exposure, and a normally exposed image developed in a used 
solution appears to be underexposed. 

In general, developing agents, such as metol, with a high reduction 
potential are less sensitive to the restraining effect of developer by- 
products than those of low potential such as hydroquinone and glycin. 

The loss in density and contrast due to partial exhaustion of the 
developing solution may be overcome to a certain extent by the addi- 
tion of a replenishing solution, which may be either a solution of the 
same composition as the original formula, but without bromide, or a 
more concentrated solution containing a larger proportion of the devel- 
oping agent, or agents, and alkali. It is not possible, regardless of the 
composition of the replenishing solution, or the conditions of replenish- 
ment, to bring a partially exhausted developing solution back to its 
original condition. However, with suitable replenishment the period 
over which a developing solution may be used without involving an 
excessive loss in the density and contrast of the image may be greatly 
extended. 

In motion-picture processing, where the technique of developer re- 
plenishment is most highly advanced, the developing solution is usually 
circulated through a large auxiliary storage tank and a certain pro- 
portion of the total volume is replaced constantly with fresh solution. 
In some cases, however, fresh developer is allowed to flow into the 
developing tank near the point at which the undeveloped film enters 
and the partially exhausted developer is drawn off from the point where 
the film leaves the developing tank. Experiments have shown that if 


Lope, AND Lerevre—Action of Citric Acid on Metol-Quinol Developer. 
Bull. Soc. frang. Phot. 14 (1927) 48-50. 

LoseL—Tartrates and Boro-tartrates as Restainers. Sci. et Ind. Phot. Inf. 
Cine. 8 (1928) 73. ; 

Staub AnD Dunpon—Photographic Developer Containing an Antifogging 
Agent. (Eastman Kodak Co.) U.S.P. 2,080,017 of 5.7.35. 
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development is begun in a fresh solution, the film may be transferred 
to a partially exhausted solution as soon as the shadow detail has ap- 
peared, without loss of effective exposure. In other words, once the 
detail in the shadows has appeared, a partially exhausted solution is 
capable of building up the density and contrast required for good 
negative quality. 

In small-scale processing the usual method is to maintain the level 
of the solution in the tank through the addition, from time to time, of 
a replenishing solution which contains sufficient of the developing agent, 
or agents, and alkali to offset the restraining action of the developer 
reaction products. Only sufficient sulfite need be added to insure 
satisfactory keeping properties of the replenishing solution. 

By adding sufficient replenshing solution to maintain the level of the 
developing solution in the tank, the replenishing solution added is equal 
in volume to that of the developer which has been removed from the 
tank on the sensitive material. This in turn is directly proportional to 
the amount of material processed; hence, the amount of replenishing 
solution added is directly proportional to the amount of sensitive 
material which has been developed. 

The only satisfactory method of determining the best formula and 
the amount of replenishing solution required is by actual photographic 
tests made by developing sensitive material under known conditions. 

Testing the Condition of a Developing Solution.—One of the 
most satisfactory methods of determining the condition of a developer 
is to secure a number of test negatives which have all received the 
same exposure and develop one of these for the average time in the 
fresh solution as a standard. Tests of the condition of the developing 
solution may be made from time to time by developing one of the 
negatives and comparing it with the standard. When it is evident 


ALBURGER—Mathematical Expression of Developer Behavior. J. Soc. 
Mot. Pict. Eng. 35 (1940) 282. 

BaumBacu—Chemical Analysis of Hydroquinone, Metol and Bromide in 
a Developer. J. Soc. Mot. Pict. Eng. 33 (1939) 517. 

Bitaney—Method of Removal of Excess Halides from Photographic De- 
veloping Baths. U.S.P. 2,073,621 of 6.10.33. 

Evans—Maintenance of a Developer by Continuous Replenishment. J. 
Soc. Mot. Pict. Eng. 31 (1938) 273 

Harvey, «.WoosLEy AND Barnes—Exhaustion and Regeneration of De- 
velopers. Proc. Ninth Int. Congress of Phot. Paris 1935. Sci. et Ind. 
Phot. (II) 6 (1935) 300. 

WEISBERG (GREENWALD)—Regeneration of Photographic Developer Solu- 
tions. U.S.P; 2,073,664 of 9.9.33. 
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that there is a loss in negative density and shadow detail, the solution 
should be replenished. The amount of replenisher necessary may be 
determined by developing another test negative for the standard time. 
The amount of the replenisher solution added should be sufficient to 
produce with this standard time of development a test negative which 
matches the standard. 

The supply of test negatives required for testing the condition of the 
developing solution is conveniently made by contact printing from a 
master positive. 

A variation of the above method consists in developing a standard 
exposure for a definite time, stopping development instantly with a stop 
bath containing acetic acid and potassium iodide and comparing the 
image so obtained with a previously prepared standard. The composi- 
tion of the stop bath is as follows: *? 


Potassiunipodidess ee er eerie Ecard hat dean Beas 20 gm. 
Glacialtaceticncid ley tas. secon tormicittarece eto rere 20 ce. 

Potassium ‘alums -4.05 3) oe Avo ero ee ore eee 40 gm. 
Sodiumilsul fites ak. is «racine See oor me ncit eaes ere 1 gm. 
Watertormakerrccc 5 sons casio. snore ea toe atone eee 1 liter 


The acetic acid instantly stops the action of the developer and the 
iodide converts the undeveloped silver bromide to silver iodide which 
is not darkened by light. The alum serves to harden the film and the 
sulfite prevents the solution from becoming colored because of the 
action of light on the potassium iodide. The bath can be used re- 
peatedly as long as it remains acid. 

The method of making the test is as follows: A strip of film or 
bromide paper containing a standard exposure, preferably a print from 
a step-tablet, is quickly dipped into the developer and the time noted. 
While in the developing solution, it should be kept in motion to prevent 
non-uniform development. When testing a fresh solution the strip 
should be examined from time to time and removed from the de- 
veloper when all except the last exposure step is visible. This time 
constitutes the standard. The strip should be removed immediately 
and placed in the stop bath. It may be examined in a bright light 
within 10 to 15 seconds after having been placed in the stop bath. 

To determine the degree of exhaustion of a developing solution, a 
similar test strip should be developed for the standard time and, after 
immersion in the stop bath, compared with the strip developed in a 
fresh solution. The loss in density and shadow detail is easily seen. 


42 Dundon, Capstaff and Brown, J. Soc. of Mot. Pict. Eng. 14 (April, 1930) 389. 
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The advantage of the dip test is that little time is required—three 
or four minutes being sufficient—and the differences are more readily 
seen than in a developed and fixed negative. With a little experience, 
a mere glance at the test strip is usually sufficient for an exact com- 
parison. 

Effect of Dilution on Developers.—Slight dilution of the de- 
veloper affects principally the time of development and its fogging 
tendencies; with greatly diluted developers the character of the image 
is modified and it is not possible to obtain the same result as with an 
appropriate time of development in a more concentrated solution. 

Very dilute developers produce images of soft gradation and, gen- 
erally speaking, it is not possible to obtain images of the same vigor 
and density as with concentrated solutions however much the time of 
development may be increased. With an extremely weak solution, 
development is confined more or less to the upper layers of the emul- 
sion, due to the exhaustion of the developer in penetrating the emulsion 
and the restraining influence of the by-products of development. 

Extremely dilute developers are capable, therefore, of developing 
more or less completely the shadow portions of the image, but are 
incapable of developing the highlight areas fully and thus lead to nega- 
tives of soft gradation. Certain practices of development employed 
for obtaining images of soft gradation from contrast subjects make 
practical applications of this principle. (See page 548.) 

The time of development for a given contrast (gamma) is not 
directly proportional to the dilution, except in the case of developing 
agents which are not directly oxidized by air. The only important 
example of a developing agent which is not oxidized directly is glycin, 
and with glycin developers the time is almost directly proportional to 
the concentration of the developer, except when considerably diluted. 
With organic developing agents other than glycin, the oxidation oc- 
curring within the solution results in the concentration of the develop- 
ing agent being less than that indicated by the degree of dilution. 
Hence, the time of development, for the same negative contrast 
(gamma), is not directly proportional to the dilution, but is somewhat 
greater, depending upon the developing agent and the conditions of 
development. 

While there appears to be no direct relationship between the con- 
centration of the developer and its fogging tendencies, fog tends to 


CRABTREE—Photographic Methods of Testing Developers. American An- 
nual of Photography (1922) p. 184. 
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increase both with highly concentrated or with extremely dilute de- 
velopers. The increased fogging tendency of dilute developers is 
probably due to oxidation fog. 

Effect of Temperature on Development.—The effect of a given 
change in temperature on the time of development for a constant 
gamma is termed the temperature coefficient. The temperature co- 
efficient represents the difference in the time of development for a 
constant gamma at a temperature difference of either 10° C. or 18° F. 
The temperature coefficient depends chiefly upon the developing agent ; 
but variations in the proportion of alkali to the developing agent, the 
nature of the alkali, and the amount of soluble bromide present in the 
developer have to be considered in determining the ‘temperature co- 
efficient for any particular developing formula. 

The temperature coefficients of a few of the more common develop- 
ing agents are as follows: 


Pyro-sodawithoutibromideteaseeeenieiecicc cia oe eee ean 125 
Pyro-soda,withybromide pay. wey. crete ter mice ines eee een nce er renee ae ee 1.9 
Rodinalsazol'ccertinalietes: | aerate tee ae ema 1.9 
Golyetiia: 20 er arigeontestrvate titan sre ses Sy SAPS cane tee ner i ee nC nce Re Be} 

Revit cc Ae peente sche canccatue samen ee Ook ea hee Ale Mee Ae » BM 
Pyro-soda (Watkins thermo formula), no bromide................... RS 
Pyro-soda (Watkins thermo formula), with bromide................. 1.9 
Metol-hydrochinone (Watkins thermo formula)..................... 1.9 
Eiydrochinone rene ere seer eco ae SUNS eo ah eon ee aaa 1.4 -2.25 
FO He) ee PARENT UR., © team TS A dR eel Rese C de oh en aii Sark MUE IE NMR Oe th 2.06 


The use of developing agents of low energy, such as hydroquinone, 
at low temperatures may result in incomplete development, producing 
the effect of underexposure. 

With a developing solution containing two developing agents one 
of which is highly sensitive to temperature changes, in other words 
having a high temperature coefficient and one having a lower tempera- 
ture coefficient—not only the time but the character of development 
changes with the temperature. Thus in an elon-hydroquinone de- 
veloper, only the elon functions actively as a developer at low tem- 
peratures, since hydroquinone is active as a developer only at tempera- 
tures 60° F. and higher. Elon-hydroquinone developer, therefore, 
should not be used at a temperature below 55° F. 

Developing at a high temperature has a number of practical disad- 
vantages: (1) the tendency of the developing solution to fog is in- 
creased; (2) the developing solution oxidizes more rapidly, which 
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increases the tendency to stain and results in more rapid exhaustion 
of the developer; and (3) the gelatin swells excessively, which leads 
to blistering, frilling and reticulation of the film.** 

Calculation of the Time of Development at Different Tempera- 
tures.—To construct a table, or graph, showing the time of de- 
velopment at different temperatures, the procedure is as follows: 


1. Develop a number of sensitometric strips for different times. Plot 
the D log E curves, measure the gammas of the different curves and 
finally construct a time-gamma curve. 

2. Follow the same procedure but with the developing solution at a 
different temperature, preferably not less than 10 degrees Fahrenheit. 

3. Determine from the two time-gamma curves the time of develop- 
ment for the desired gamma at each of the two temperatures. 


S. 


ee) 
PHO 


ao On 


Time in rainutes 


Temp. F. 


Fic. 209. Showing Method of Constructing a Graph for Representing the Time 
of Development at Different Temperatures. 


4. Plot the two developing times on a chart such as that in Fig. 209 
in which temperature is plotted against the time of development, the 
latter axis being logarithmic. Draw a straight line through the two 
points as plotted. This line indicates, with sufficient accuracy for 
practical purposes, the time of development at different temperatures 


43 Technique of developing at high temperature. See Page 543. 
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ranging from 50° to 80° F., except that with some low energy devel- 
-opers, such as hydroquinone, the time of development at the lower 
temperatures may be considerably greater than indicated. 


The temperature coefficient for the developer in question may be ob- 
tained by dividing the time of development at temperature ¢t by the time 
of development at temperature t + 10° C. or 18° F. 

Coupling Developing Agents.—The known facts regarding 
coupling developing agents may be summarized as follows: 


1. Para-amino-phenol, ortho-amino-phenol and paraphenylene-diamine 
may act as color or chromogenic developing agents. 


OF OH NH, 
NH2 


NH, NH: 


2. Ortho-amino-phenols have reduction potentials which are too low 
to be practical. The addition of halogen (X) to the molecule increases 
the reduction potential and renders them suitable for use in color proc- 
esses. The addition of two halogen atoms increases the reduction 
potential. 


OH OH OH OH OH 
xX xX xX X xX 
but not 
x Dike Pak 
NH, NH, NH, NH, NH, 
3. In paraphenylene diamine one amino group may be mono or di 


substituted. The molecule, however, must have one free NH, group. 
The best color developing agents are: 


NH2 NH, CHs3 
NH 
HsCx s 
N 
N N HsC 
Z \CH;-HCI 7 OH;.HCI 
H;C 3: H;C, BR ASe 
dimethyl-paraphenyl- diethyl-paraphenylene- ' 2-amino-5 di-ethyl- 
ene-diamine- diamine-hydrochloride amino-toluene 


hydrochloride 
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4. The hydrogens in one amino group may be substituted with oxy- 
_ alkyl groups, 


NH: 


N 
ve \CH,OH 
5. Groups containing a carboxyl, sulfonic acid or sulfonamide radi- 


cal may be substituted for the hydrogen in an amino group. These 
groups increase the solubility of the compound. 


~ci-<> 


CH:—CH,—COOH —CH,SO;. NH» 


carboxyl sulfonamide 


6. The amino nitrogen may be part of a heterocylic ring structure. 


ox 
Ele Hs 


indoxyl 6-amino-N-methyl-penomorpholine 


7. Certain compounds retain developing power even when diazonium 
salt is coupled to the agent, i.e. naphthaquinone. 


OH 


eee 


R 
OH 
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8. Leuco derivatives of certain vat dyes may be prepared in stable 
forms. These act as developers in alkaline solution, forming colored 
insoluble oxidation products. In the leuco, reduced form, the dye is 
colorless and soluble. 


OH ay O O 
b | I| 
Ce @ 
me 
goN S Coe pedason Chis ~ 
r fae t as 
Sam ne oe eduction Ne yy 
i ; 
H i i H 
indigo white indigo blue 
(soluble) (insoluble) 
leuco base dye 


9. Pyrazolone derivatives may act as color developers, i.e. 1-phenyl-3 
methyl-4 amino-5 pyrazolone. 


N 
na 
he C=C 
| 
H,C.N3 4C—_NH, 
| 
Ul 


Coupler Characteristics—The known facts regarding coupler 
characteristics may be summarized as follows: 


1. The coupler should be a member of the aromatic group as: 


Gee 26> 08 


benzene naphthalene anthracene 


2. The coupler should contain an OH or NH, group in the molecule: 
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000 0 Oe 


H3C ye 


3. Coupling takes place with the hydrogen atom in the ortho or para 
position to the OH or NH, group of the coupler. 


ee O 
| 
cope) < > 
os O= 
| 
erat GH! a 
N N 
HC SCHs yc/ SCH 


4. Active hydrogen can be replaced by quinoneimides or diazonium 
groups. 

5. Compounds having an active methine CH, group, with strong 
polar groups for other valences, will couple. Suitable polar groups 
are: the cyano group, —CN; the carbonyl group, —CO; also aceto, 
CH,CO-—-, the acid ester group as —COOC,H,, and C,H,, but not the 
CoH group.** 

6. The methine group may be part of a ring, as in Coumarone and 
Indoxyl.** 


—C=0O —C=0 
>CH, woth 


44 Friedman, Amer. Phot. 34 (1940) 452 
45 Friedman, Amer. Phot. 34 (1940) 918. 
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7. The methine group may be a part of a non cyclic structure, as 
malonic esters and their derivatives : 


ae os ah 
H—C—H poe 

| 
O=C—OC2Hs —=C—R 


and aceto acetic esters: 
CH3;COCH.2COOC:H; 


or a part of a side chain attached to a phenyl group as para nitrophenyl 
acetonitrile : 


ON . CeHs. CH2CN 


8. The methine group may be a part of a heterocyclic ring attached 
to a phenyl group, as 1-phenyl-3 methyl-5 pyrazolone. 


NH: 


N N 
eS Foe 

; rae ; C0 
| 

H3C.N CEE ELCaN CHz 


(exception) 


An exception to the above is that when a free amino group, NH,, is 
attached to the para position of the phenyl group, coupling takes place 
at the amino group first. 

9. Compounds having a N in ring will couple if there is a CH, group 
in the alpha position to the N, as 


beara 
ip AC C-GH; 


CHs ey 
N 


NZ 


picoline 2-methyl-thiazole 
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10. Various derivatives of acetamide and acetoacetamide may act as 
couplers : i 


X—CH.C=O—N=y CH3C=0 .CH;,C—=O—NH—y 


where X—a polar group and y=a heterocyclic base containing 
nitrogen. 

Chemical Constitution and Dye Color.—Practically all organic 
compounds absorb some light in the ultra-violet. Unsaturated com- 
pounds absorb light of longer wave lengths than saturated compounds. 
See Table below. When a portion of the visible light is absorbed -the 
compounds appear colored. 

Dyes are colored organic compounds which are capable of dyeing a 
fiber or surface without the use of a mordant. The dye molecule is 
composed of an aromatic or heterocyclic nucleus to which are attached 
chromophore groups, responsible for color; and auxochrome groups, 
responsible for fastening dye to the fiber. The color of a dye may be 
deepened by adding groups which increase the molecular weight. 


REGION OF ADSORPTION SPECTRA FOR SOME UNSATURATED GROUPS 


Group Wave Length Region 
Ethylene derivatives 200 mu 
: Ultra 
Dienes : 
Aromatic compounds | Violet 
Carbonyls 300 mu 
Acroleins 
400 mu ; Violet 
Glyoxals 
Blue 
Quinones 500 mu ; Green 
Yellow 
Crystal violet 600 my ; Orange Visible 
Indophenol 
700 
Ge Red 
800 mu 


348 oe DEVELOPING AGENTS AND SOLUTIONS 
Groups which intensify or deepen the color are known as bathochromic 
groups while groups which diminish color are known as hypsochromic 
groups. According to the Witt dye terminology, a colored substance 
containing chromophore groups is a chromogen. A dye results when 
auxochrome groups are added to the chromogen. 

Important chromophore groups include: 


—N==N —NO, —N=O ==C—=(O 
Azo Nitro Nitroso Carbonyl 
|| ier 
—C= C—=C—C=0O 
| | 
| 
Cyano Para quinoid Unsaturated Ketone 
H 
be Yi 
= —N==C —N=N 
~ | 
H 
Methine Azo Methine Diazonium 
—NH .CO— —SO;,.N= —CO—CH,—CO— 
Carboxyl amide Sulfonamido Acetoyl-acetyl 


Important auxochrome groups include: 


—=(0)5! —NH: —N(CHs3)2 
Hydroxy Amino Dimethylamino 

—OCH3 —SO3H —COOH 

Methoxy Sulfonic Carboxyl 


The presence of —NH,, —OH, —N(CH,), and —OCH, in aro- 
matic nucleus deepens color, exerts bathochromic effects; while the 
presence of SO,;H and COOH groups diminish color, show hypso- 
chromic effects. 

In dye coupling, color changes are observed when the hydrogens in 
either the developing agent or the coupler are replaced with groups that 
increase the molecular weight. 

The effect of adding methyl and ethyl groups to a developing agent 
which is coupled with di-chlor-alpha-naphthol will serve as an illus- 
tration. 
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DICHLORO ALPHA NAPHTHOL (COUPLER) 


Developing Agent Group Added Color ~ 
Para-phenylene-diamine Pink or purple 
Para-toluene-diamine CH; on ring Blue 
Di-methyl-para-phenylene-diamine Two CH; groups on N Cyan 
Di-ethyl-para-phenylene-diamine Two C,H; groups on N Deeper cyan 


A similar effect is observed when substitutions are made in couplers 
of the hydroxy benzene type, which are coupled with di-ethyl-para- 
phenylene-diamine, as the developing agent. 


DI-ETHYL-PARA-PHENYLENE-DIAMINE (DEVELOPING AGENT) 


Coupler Group Added Color 
Phenol Greenish blue 
O- or P-cresol CH; Cyan 
1-3-5-X ylenenol Two CH; Green cyan 
Alpha-naphthol Blue 
Di-chlor-alpha-naphthol Two Cl Cyan 
Tri-chlor-alpha-naphthol Three Cl Green cyan 
Penta-chlor-alpha-naphthol Five Cl Green 


COUPLER TRANSMISSION COLOR 
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Methine couplers give another series of colors.*® 


Coupler Color 
Yellow 
Reddish yellow 


Aceto-acetic-ester 
Benzoyl-acetic-ester 
Di-benzoyl-methane Redder yellow 
Cyan-aceto-acetic-ester Orange 
Phenyl-cyan-methyl-acetone Red 


Tull 47 made a survey of dye-coupling methods and has listed the 


color of images in accordance with the type of compound used. For 
primary development typical compounds giving colored images are: 


Red Blue 
Thioindoxyl 
1-Phenyl-amino-beta-naphthol 
3-Phenyl-amino-alpha-naphthol 


Indoxyl 


Yellow 
2,5-Di-aryl-hydroquinone 
2,5-Di-phenoxy-hydroquinone 
Ortho-amino-meta xylenol 
Ortho-amino-phenol 
6-amino-ortho-cresol 


In general, dyes of this class include: substituted hydroquinones, 
acylamino derivatives of hydroquinone or di-oxynaphtholamines, gen- 
erators of lignon dyes, and ortho-amino-phenols. 

Couplers for secondary development were classified according to color 
produced with ortho or para-aminophenols, phenylenediamines and their 
substituted derivatives. Typical compound classes are: 


Magenta Cyan Yellow 
Nitriles Phenols Substituted ketones 
Acyl nitriles Naphthols Certain esters 
Thioindoxyls Indoxyls Acetoacetic esters 


Chlor acetoacetic esters 
Cyan acetoacetic ester 
Acyl acetanilides 


Cyanacetanilides 
Pyrazolones 


Derivatives of: Derivatives of: Derivatives of: 


Lignones Hydroxy quinolones Alpha naphthols 
Coumarones Thiazolones Nitro-bensyl-cyanides 
Fluorenes Thiazalidones Pyrozolones 
Hydrazoiones Benzimidazoles Tsoquinolones 
Oxazolones 

Oxindoles 


If one attempts to generalize further, it is interesting to note that in 
color photography most cyan dyes are formed with a hydroxy benzene, 
or naphthalene, ete. coupler. Yellow dyes are formed with various 
derivatives containing the —CO—CH,—CO—, acetoyl-acetyl group. 


46 Friedman, Amer. Phot. 34 (1940) 918. 
47 Tull, Brit. J. Phot. 86 (1938) 647. 
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Magenta dyes are often: pyrazolone or aceto-nitrile derivatives. Both 
the yellow and the magenta dyes may be considered to be formed with 
couplers containing the active methine group, —CH.,,.*8 

Developing agents for color development satisfactory for amateur 
use ‘are: 4° 


Diethyl-paraphenylenediamine hydrochloride 
2-Amino-5-diethylaminotoluene hydrochloride 
Dimethyl-para phenylenediamine hydrochloride 


Couplers suitable for monochrome and tricolor work include: 


Cyan: 2, 4-Dichloro-1-naphthol 
2, 3, 4-Trichloro-1-naphthol 
Yellow: Ethyl-acetoacetate 
Acetoacet 2, 5-Dichloroanilide 
Magenta: Para-nitrophenyl] acetonitrile 
1-Phenyl-3 methyl-5 pyrazolone 


Processing formulas for the dye coupling of prints have been given by 
Wilson, Colton and Moen.*° 

Difficulties—Dye coupling processes present many problems. 
It is difficult to obtain developing agents that are sufficiently soluble 
and are not toxic. To be desired, are couplers that do not require the 
use of organic solvents, but will produce dyes of the right color shade 
and yet remain insoluble, so as not to diffuse or bleed. The reagents 
used should not produce a color fog. The dyes formed should be re- 
sistant to processing solutions and reasonably stable to acids, light, heat 
and humidity. ( 


48 Friedman, Amer. Phot. 34 (1940) 456. Saunders-Dolgoruki, Photo. Tech. 
3 (1941) 63. 

49 Chemicals for color development may be obtained from the Organic Chemicals 
Division of the Eastman Kodak Company. 

50 Wilson, Amer. Phot. 33 (1939) 161. Colton, Phot. Tech. 1 (1939) Sept., 
p. 16. Moen, Phot. Tech. 3 (1941) June, p. 64. 


CHAPTER XI 
FIXING, WASHING AND DRYING 


The Chemistry of Fixation—The removal of the silver halide 
remaining in the emulsion after development is termed fixing. Only 
a few substances are capable of converting the silver halides into 
soluble compounds and of these sodium thiosulfate (Na,S,O,.5H,O), 
commonly termed hypo and sometimes incorrectly referred to as sodium 
hyposulfite, is the only one of practical utility.t 

The precise chemical reactions involved in the fixing process are 
still obscure.? Thiosulfate ions undoubtedly combine with silver ions 
to form various soluble complex ions, as for example 


AgBr + 3NasS.03 — NaBr + NasAg(S2O3)3, 
AgBr a 2NaS203 — NaBr + NasAg(S2Os)o, 
2NaBr aL 3Na2S.03 — 2NaBr a NasAge(S2Os)3. 


A number of such complexes are possible and in a used fixing bath 
it is probable that several are present in equilibrium, the particular 
ones present depending upon the relative concentrations of thiosulfate 
and silver. It is possible that in a fixing bath containing only a small 
amount of silver the complexes may contain even more thiosulfate 
than those in the equations, while in a used fixing bath the slightly 
soluble NaAgS,O, may be found. 

Since these insoluble, or slightly soluble, complexes are unstable, they 
will, if left in the film, decompose in time, producing a silver sulfide 
stain. 


1 The sulphocyanides as fixing agents. Cf. Piper, Brit. J. Phot. 61 (1914) 
458, 511. 


2 Herschel, Edinburgh Phil. J. 1 (1819) 8, 396. Baines, Phot. J. 69 (1929) 
314. Sheppard, Elliott and Sweet, J. Franklin Inst. 195 (1923) 45. 


Baines—Chemistry of Fixation. Phot. J. 69 (1929) 314-317. 

ReNwick—Principles and Practice of Fixation. Phot. J. 69 (1929) 310- 
314. 

SHAw—Fixation and Permanence. Brit. J. Phot. 80 (1933) 214. 

SHEPPARD AND Mrers—Theory of Fixation. Phot. J. 46 (1906) 235. 

Warwick—The Laws of Fixation. Amer. Phot. 11 (1917) 585. 
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Acid Fixing Baths.—While a solution of hypo will dissolve silver 
halide, it does not form a satisfactory fixing bath because the develop- 
ing solution on the surface of the films or prints, when placed in the 
fixing bath, oxidizes and causes stain. Staining may be prevented, 
however, if a substance, such as sodium sulfite, which tends to prevent 
the oxidation of the developer, is added to the fixing bath. The addi- 
tion of a weak acid neutralizes the alkali introduced by the developer, 
maintains the bath in an acid condition, and assists the sodium sulfite 
in preventing the oxidation of the developing agent thus greatly in- 
creasing the period over which the fixing bath may be used without 
danger of staining. 

The most convenient method of preparing an acid fixing bath is by 
the use of an acid sulfite such as sodium bisulfite (NaHSO,). 


lis Kid 0X0) So asin, Cacho Case NOLIN EERE oe 250 gm. 8 oz. 
Sodiumikcul fite=npeereyees ce hein nO! eis 145 gr. 
Sodium bisulfite... ..... ee aoe 25 gm. 365 gr. 
Water'tormake:trcer na iecsamee scis.s 1000 cc. 32 oz. 


The sodium sulfite is added to prevent possible precipitation in hot 
weather. 

With use, the reserve acidity is soon neutralized by the developer 
brought over into the fixing bath and it becomes necessary either to 
discard the bath or to add a 25% solution of sodium bisulfite in suf- 
ficient quantity to render the bath acid. 

Acid fixing baths of this type are satisfactory when it is not neces- 
sary to harden the gelatin or if a hardening stop bath is employed after 
developing and prior to fixing. 

Acid Fixing and Hardening Baths.—A combined acid fixing and 
hardening bath contains the following ingredients: (1) a solvent of 
silver halide, (2) an anti-staining agent, (3) a preservative, and (4) a 
hardening agent. 

These ingredients ordinarily are hypo; an organic acid, usually acetic; 
sodium sulfite and alum. 

It is the function of the acid to neutralize the alkali in the developer 
carried over on the film preventing oxidation thus keeping the bath 
clear and free from staining tendencies. The addition of acid to a 
solution of hypo decomposes the hypo forming sulfur and sulfurous 
acid, and destroys the fixing power of the bath. To prevent the pre- 
cipitation of sulfur, sodium sulfite, which combines with sulfur to 
form hypo, is added. An acid fixing bath is thus rendered stable by 
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the sulfite, which also assists in preventing the oxidation of the de- 
veloping solution carried over into the fixing bath. 

Organic acids, such as acetic, citric and oxalic, are better adapted to 
these requirements than inorganic acids, such as sulfuric or hydro- 
chloric, because being less disassociated they do not tend to precipitate 
sulfur from a solution of hypo so readily. Solid organic acids, on the 
other hand, produce with aluminum salts (such as the alums) complex 
aluminum ions which are not satisfactory as hardening agents. The 
acid sulfites, such as sodium bisulfite and potassium metabisulfite, are 
not suitable for a fixing bath containing alum, as the reserve acidity is 
not sufficient to prevent the precipitation of aluminum sulfite upon the 
addition of alkali. 

Hardening of the gelatin may be produced by salts of aluminum, 
chromium, and iron, by formaldehyde, tannin, and by quinones and 
quinonid bodies. Of these only the alums and formaldehyde are 
suitable for use in fixing baths. The hardening produced with alum 
is due to the hydrolytic separation of the alum into hydrous oxide and 
free acid, 


Al,(SO.)3 + 3HO S Al,O; + 3H2SOu. 


The alumina, or other oxide, combines with the gelatin probably as 
an absorption complex and is retained on washing in hot water. 


CRABTREE AND RussELL—Some Properties of Chrome Alum Stop Baths 
and Fixing Baths: I. Chrome Alum Stop Baths. II. Chrome Alum 
Fixing Baths. J. Soc. Mot. Pict. Eng. 15 (1930) 483-512, 667-700. 

CRABTREE AND RussELtt—Acid Hardening Fixing Composition. (Eastman 
Kodak Co.) U.S.P. 2,063,297 of 25.10.34. 

ELLIoTT, SHEPPARD AND SWEET—The Chemistry of the Acid Fixing Bath. 
J. Franklin Inst. 196 (1923) 45. 

Kirser—Chemistry of Fixing Baths. Phot. Ind. 32 (1934) 696; Sci. et 
Ind. Phot. (II) 5 (1934) 252. 

LUTHER AND ROMMLER—Chemistry of the Fixing Bath. Phot. Ind. (1928 ) 
626. 

Mueniter—Liquid Hardener Solutions. (Eastman Kodak Co.) U.S.P. 
1,981,426 of 18.4.33. 

RusseLtt—Acid Hardening Fixing Bath. (Eastman Kodak Co.) U.S.P. 
19815391 ot 27 9:32. 

RUSSELL AND CRABTREE—An Improved Potassium Alum Fixing Bath Con- 
taining Boric Acid. J. Soc. Mot. Pict. Eng. 21 (1933) 137. 

Staub AND Briccs—Hardening Photographic Gelatin Emulsions and Gela- 
tin Solutions. Kodak Ltd. B.P. 444,289 of 4.8.34. 

Suepparp—Hardening Photographic Gelatin Emulsion and _ Solutions. 
(Eastman Kodak Co.) U.S.P. 2,059,817 of 27.9.34. 
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The hardening action of formaldehyde is due probably to the inter- 
action of the amino groups of the gelatin with formaldehyde resulting 
in the formation of an insoluble compound of undetermined com- 
position.® 

Chrome Alum Fixing Baths.—A properly compounded chrome 
alum fixing bath hardens gelatin more completely than one of potas- 
sium alum, but its hardening properties fall off more rapidly, unless 
acid is added from time to time to maintain the proper acidity. 
Chrome alum fixing baths are desirable when processing at high tem- 
perature, if the wash water is warm, or if it is necessary to dry 
rapidly at high temperature. Except under such conditions, potassium 
alum baths are usually more satisfactory owing (1) to their longer 
life and (2) because chrome alum baths when partially exhausted may 
harden the surface of the gelatin and not the underlying layers, which 
would tend to cause reticulation. 

Preparation of Fixing Solutions.—No difficulty is usually ex- 
perienced when mixing a plain hypo solution. When mixing a quan- 
tity of solution in a tank, the filter bag should be used and the hypo 
dissolved in warm water, because the temperature drops considerably 
while the hypo is dissolving. If a scum forms on the surface of the 
solution on standing, it should be removed by drawing the edge of a 
towel or blotter, or a cheesecloth skimmer, across the surface. 

In preparing an acid fixing bath which contains either sodium bi- 
sulfite, or potassium metabisulfite, care should be taken not to add these 
to the warm hypo solution; otherwise sulfur will be precipitated and the 
bath rendered milky. The solution should be quite cold (not above 
70° F. (21° C.)) when mixed. 

In preparing an acid fixing and hardening bath, the order of mixing 
the acid hardener is important. When mixing in one vessel, first 
dissolve the sulfite in warm water (125° F. (52° C.)); then add the 
acid; and, finally, the potassium alum. Another method is to dissolve 
the alum and sulfite in separate solutions, cool, add the acid to the 
sulfite solution, and then add the alum solution.* 

The hypo should be cool and completely dissolved before adding the 
hardener, or sulfur is likely to be precipitated. 

3 Sheppard, Photography as a Scientific Implement, p. 138. 

4To make 28% acetic acid from glacial acetic acid, dilute three parts of glacial 
acid with eight parts of water. 

In the case of formulas requiring boric acid, the crystalline form should be 
used. Powdered boric acid dissolves only with great difficulty, and its use should 
be avoided. 


356 oe FIXING, WASHING AND DRYING 


Fixing baths containing chrome alum as the hardening agent gen- 
erally have sulfuric acid as the active acid. Usually, no difficulty is 
experienced in preparing such baths, provided care is taken in adding 
the sulfuric acid to the chrome alum solution. The acid should be 
added slowly, while the solution is vigorously stirred, in order to in- 
sure thorough mixing, since the acid is heavy and will sink to the 
bottom if not well mixed. Water should never be added to sulfuric 
acid or the solution may boil and spatter acid on the hands or face, 
causing serious burns. 

The Hardening of Gelatin in Fixing Baths—The degree of 
hardening produced in an acid fixing and hardening bath depends upon: 


1. The composition of the bath. Under given conditions, the degree 
of hardening produced in an acid fixing and hardening bath employ- 
ing potassium alum depends upon the pH value of the bath, which in 
turn is determined by the relative proportions of acid, sulfite, and alum. 
For each concentration of acid, there is a definite quantity of sulfite, 
which produces the maximum hardening with a given quantity of alum. 
An increase in the amount of alum results in a higher degree of harden- 
ing, but increases the tendency of the bath to sludge upon the addition 
of developer.° 

2. The time of fixing. The degree of hardening increases with the 
time of fixing up to a maximum which depends upon the bath and the 
conditions of fixing. The time required for maximum hardening may 
vary from 3 to 15 minutes, depending upon the fixing bath and the 
thickness of the gelatin layer. 

3. The alkalinity of the film when placed in the fixing bath. The 
quantity of alkali in the film when it is placed in the fixing bath is one 
of the major factors in the degree of hardening produced in an acid 
fixing and hardening bath. Film which is strongly alkaline is not as 
thoroughly hardened as that which has been well washed before fixing. 
For maximum hardening, therefore, film should be well washed after 
development, or placed in a stop bath, before being transferred to the 
fixing bath. 

4. The temperature of the fixing and hardening bath. The degree 
of hardening increases slightly with the temperature of the fixing bath, 
but if the temperature of the developer and rinse water, or stop bath, 
has increased at the same time, the film will not be as thoroughly 


5 Crabtree and Hartt, Trans. Soc. Mot. Pict. Eng. 13 (1929) 364. 
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hardened because of the increased swelling of the gelatin when placed 
in the fixing bath. The temperature of the fixing bath and other 
processing solutions should be maintained between 65° and 70° F. 
(18°\to 20° C.) for maximum hardening. 

Effect of Use on a Fixing Bath——The major changes taking 
place in a fixing bath as it is exhausted through use are as follows: 


1. The concentration of hypo is reduced. This reduces the amount 
available for fixing and tends more and more to form complex ions of 
silver thiosulfate which are either slightly soluble, or insoluble, in water. 

2. Sodium silver thiosulfate, sodium bromide (and iodide in the case 
of sensitive materials containing iodide) accumulate in the bath. The 
exact formula of the silver compound is not definitely known but is 
probably Na,Ag,(S.O,),.° 

The fixing properties of the bath are not materially affected by the 
silver compound—except to the extent to which it represents a reduc- 
tion of the original hypo concentration—but the accumulation of alka- 
line halide, particularly potassium iodide, greatly retards the rate of 
fixing and materially reduces the fixing properties of the bath.7 The 
presence of even a small amount of iodide is sufficient to prevent 
thorough fixation, although the amount of silver present in the fixing 
bath is far below the saturation point. 

3. The hardening properties are reduced as a result of the gradual 
neutralization of the free acid in the fixing bath by the alkali carried 
over on the film. When the acidity of the bath has been reduced be- 
yond a certain value, usually near the neutral point, a sludge of alumi- 
num sulfite forms and the hardening properties are destroyed. The 
amount of alum adsorbed, or otherwise removed from the bath in 
hardening, is negligible and is without practical effect on the hardening 
properties of the bath.® 


The limits to which a fixing bath may be used, with the assurance of 
thorough fixation, depends on (1) its ability to convert the silver 
halides into soluble silver sodium thiosulfate compounds and (2) its 
ability to harden the gelatin sufficiently. 

When sensitive materials containing silver iodide are fixed, the satura- 
tion point of solutions of hypo is fixed by the amount of silver iodide 
present. The presence of silver iodide above the saturation point pre- 

6 Barth, Z. Phys. Chem. 9 (1912) 218. 


7 Busch and Lehrmann, Brit. J. Phot. 75 (1927) 91. 
8 Crabtree and Hartt, Trans. Soc. Mot. Pict. Eng. 18 (1929) 364. 
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vents complete fixation, even if the amount of dissolved silver is much 
below the saturation point.° 

The investigations of Busch and Lehrmann indicate that in a solution 
of hypo containing 150 gm. to 1000 cc. the bath is exhausted when the 
silver content reaches 0.6-0.7%. If a negative emulsion is assumed to 
contain 0.10 gram silver per square meter, then for practical purposes 
each ounce of fixing bath should be sufficient for approximately 15 
square inches of plate or film. 

In practice, the time of clearance—which is a direct indication of the 
time required for fixing—is so greatly increased by the restraining 
effect of the accumulated alkaline halides that the bath is discarded 
before the limit is reached because of the time required to clear.. As 
a general rule, a fixing bath should be discarded when the time of 
clearing is double that of a fresh solution, assuming in each case the 
same sensitive material. 

With a potassium alum fixing bath containing boric acid, the harden- 
ing properties under normal conditions are not substantially reduced 
before the bath is exhausted. With potassium alum fixing baths which 
do not contain boric acid, and more particularly with chrome alum 
fixing baths the loss of hardening properties usually makes it necessary 
to discard the bath before it is exhausted, unless the acidity is main- 
tained by the addition of acid from time to time. 

The Testing of Used Fixing Baths.—The amount of silver pres- 
ent in a used fixing bath may be determined by adding a solution of 
sodium sulfide to a sample of the bath diluted with water. A brown 
precipitate is produced, the depth of which depends upon the amount 
of silver. The quantity of silver present may be determined by com- 
paring the color of the test solution—held before an illuminated screen 
in a glass tube—with other tubes containing a known concentration of 
silver sulfide. 

There are two drawbacks to this method of testing a fixing bath: 


(1) the standardized comparison. solutions do not keep well; (2) the 
color of the precipitate from a fixing bath varies with the acidity, the 
sulfide, and alum content of the bath, as well as the quantity of silver 
present. 


® Busch and Lehrmann, Icc. cit. 


LEHRMANN AND Buscu—Fixing Baths and their Better Utilization. 


Kinotechnik Jahrbuch, 1925/26, 114-130; Sci. et Ind. Phot. 6 (1926) 
148. 
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The last-mentioned drawback may be overcome by using the follow- 
ing test solutions ; 


Solution A 


Cithicacidee: ners sere alas 9 gm 1% oz 

Sodtummcitrat ep araener ae en 100 gm 135 0z 

Watemtormakerspricm acces eas o. 1000 cc 128 oz 
Solution B 

Gelatine weer tt intra ees 4 gm. 4 cz. 

Wa tetatomeminrsr re tent fon en ont 1000 cc. Ws) vz. 


Clove oil (a few drops for preservation) 


Soak the gelatin in a small amount of water until well swollen, then 
heat gently, stirring until all is in solution; dilute to proper volume 
with water and pour into a bottle; add the clove oil and shake a few 
times. 


Solution C 
Sodium sulfide (CP Crystals)......... 10 gm. 1 oz. 
Sodium sulfite (desiccated)...........  6gm. 260 er. 
Water toceets ma. ter corse oe ater 100 cc. 10 oz. 


A sample of the fixing bath is measured out with a 2 cc. pipette and 
allowed to drain into a 50 cc. graduated cylinder. Five cubic centi- 
meters of solution A are added, and then 5 cc. of solution B after 
which the cylinder is filled to the 50 cc. mark with water. Add 1 cc. 
of solution C and compare the opacity of the resulting precipitate with 
a standardized solution containing a known quantity of silver. 

The concentration of silver in a sample of the fixing bath to which 
the testing solution has been added may be found by measuring the 
opacity of the precipitate. An instrument known as the Argentometer, 
employing a photronic cell, has been introduced by the Eastman Kodak 
Company for making such measurements quickly and conveniently.'° 

The following method based upon the formation of a precipitate of 
silver iodide has also been recommended for determining when a fixing 
bath is exhausted : 


Withdraw 10 ounces (100 cc.) of the fixing bath and add 1 ounce 
(10 ce.) of a 4% solution of potassium iodide. The bath may be re- 
garded as exhausted if a yellow precipitate is formed on standing. 

Another method suggested frequently is as follows: immerse a strip 
of film, or bromide paper, in the fixing bath until clear, then wash for 


10 “The Argentometer—An Apparatus for Testing for Silver in a Fixing Bath,” 
W. J. Weyerts and K. C. D. Hickman. Brit. J. Phot. 82 (1935) 739. 
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several minutes and place in a 1% solution of sodium sulfide. The 
appearance of a brown discoloration indicates the presence of silver 
halide due to imperfect fixation. 

The Time of Fixing.—The time required for the conversion of 
the silver halide into soluble complexes of sodium silver thiosulfate 
depends upon a number of factors: 


1. The nature and the thickness of the emulsion. In general, fine- 
grain emulsions, such as those employed for positive printing, fix much 
more rapidly than negative emulsions which are composed of larger 
grains. Emulsions containing silver iodide fix more slowly than those 
of silver bromide, and these in turn more slowly than emulsions of 
silver chloride. A thickly coated material requires a longer time to fix 
than a thin one, if both emulsions are of the same general character. 


Time in Minutes 


10% a 50% 40% 50% 60% 10% 80% 
Strength of Hypo Solutions, ( Per Cent) 


Fic. 210. Rate of Fixing at Various Hypo Concentrations. 


2. The nature and degree of exhaustion of the fixing bath. The 
rate of fixing varies with the concentration of hypo, generally increas- 
ing up to a concentration of 30 to 40%, and then decreasing (Fig. 
210). The concentration at which the maximum rate of fixing is ob- 
tained depends in part upon the nature of the emulsion. 
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The addition of ammonium chloride to a plain hypo solution (not 
above 70° F.) increases the rate of fixing, but fixing baths of this 
type may not be so thoroughly exhausted as an acid fixing and hardening 
bath." The effect varies with the amount of ammonium chloride 
added and the concentration of the hypo solution (Fig. 211). 


The time required for fixing in- 
pf 


creases as the solution becomes ex- !9 


hausted owing (1) to the lower con- 
centration of hypo and (2) to the 
restraining effect of the alkaline hal- 
ides which accumulate in the bath.1? 

3. The temperature of the fixing 10 
bath. The effect of temperature 
varies with the concentration of hypo 
(Fig. 212). At temperatures above 
70° F. (21° C.) an acid fixing and 
hardening bath tends to sulfurize, 5 
and the degree of hardening is re- 
duced, as the gelatin swells exces- 
sively before the hardening action 
becomes effective. 

4. The degree of agitation. Agi- 
tation reduces the time required in 
fixing, but the effect is much lesswith = Fyg. 211. Effect of the Addition 
fine-grain positive materials than of Ammonium Chloride to the Fix- 
with negative emulsions of coarser ing Bath on the Time of Fixing. 
grain and more thickly coated. The Time of Fixing is Plotted on 


9 the Vertical Axis Against the 
BU ccove Vasa elie the Amount of Ammonium Chloride in 


several methods by which the sil- Grams per Liter for 10, 20, and 40% 
ver in a used fixing bath may be Solutions of Hypo. (Piper.) 
recovered; usually, however, the 
11 Lumiére and Seyewetz, Bull. Soc. frang. Phot. (1908) 217. Piper, Brii. J. 
Phot. 61 (1914) 193, 437, 458, 511; 62 (1915) 364. Agfa, B.P. 25,869 of 1906. 
12 Strauss, Phot. Ind. 23 (1925) 911. Crabtree and Ross, Amer. Annual of 
Phot. (1927) 159. 
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LuUMIERE AND SEYEWETZ—The Time of Fixing of Developing Papers. 
Brit. J. Phot. 71 (1924) 108; Bull. Soc. frang. Phot. (1924) p. 31. 
LUMIERE AND SEYEWETZ—The Fixing of Photographic Negatives. Rev. 

franc. Phot. 5 (1924) 61. 
PipEr—The Rate of Fixing. Brit. J. Phot. 60 (1913) 59. 
Warwick—The Fixation of Prints. Amer. Phot. 11 (1917) 639. 
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financial return is hardly sufficient to justify the expense and labor 
involved, except when dealing with large volumes of fixing bath.** 


MINUTES 


1” 


TIME 


40° 20° 0° 40° 50° 60° = 
TEMPERATURE OF FIXING BATHS (°CENTIGRADE) 


Fic. 212. Curves Showing the Effect of Temperature on Time of Fixing. 


Silver Recovery with Sodium Sulfide. This is one of the most satis- 
factory methods of precipitating the silver in a used fixing bath as it is 
rapid and economical, but acid fixing baths must first be neutralized 
with caustic soda to prevent unpleasant fumes of hydrogen sulfide. 

The chemistry of the reaction is as follows: 


NaS +- NasAge(S2O3)s = AgeS + NaoS,O3. 


Proceed as follows: Prepare a solution of caustic soda by dissolving 
2 lb. of commercial caustic soda in one gallon of cold water (240 grams 
in 1000 cc.). 

Add one ounce of the solution of caustic soda to each gallon of the 
used fixing bath, stir well and test with red litmus paper. If the litmus 
paper does not turn blue, add more caustic soda until it does. Finally, 
add 1/5 oz. of caustic soda per gallon of fixing bath to assure reserve 
alkalinity. 

The solution of sodium sulfide is prepared by dissolving two Ibs. in 


18 Bibliography on processes of silver recovery and resume of methods. Crab- 
tree and Ross, American Annual of Photography, 41 (1927) 159. 
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one gallon of water (240 grams to 1000 cc.). The solution should not 
be prepared in close proximity to sensitized materials. 

Add one ounce of this solution to each gallon of the neutralized fixing 
bath (7.5 cc. to 1000 cc.). Stir well and allow to stand for a few 
minutes. To determine if the silver has been completely precipitated, 
withdraw a small volume of the solution, filter, and add a little of the 
sodium sulfide solution. If a dark precipitate forms, more of the 
sodium sulfide solution should be added to the fixing bath until the test 
gives a clear solution. 

Allow 10 to 12 hours for the sludge of silver sulfide to settle out and 
drain off the clear liquid. 

Silver Recovery With Zinc. The reaction taking place when zinc 
is added to a used hypo bath may be written as follows: 


NasAge(S203)s + US 2Ag +e ZnS.03 a 2Na2S.03. 


The amount of silver recovered is less than with sulfide and precipita- 
tion is not as rapid, but no objectionable odors are produced. 

Although silver is precipitated by zinc from either acid or alkaline 
fixing baths, the best results are obtained if the bath is acid. Most 
discarded fixing and hardening baths are slightly acid; if tests with 
litmus paper show a particular bath to be alkaline, glacial acetic acid 
should be added until the bath is distinctly acid. 

Either zinc dust, granulated, or sheet zinc may be used, but the rate 
of precipitation is very slow with the last two. 

Using zine dust, add 74 of an ounce to each gallon of fixing bath 
(5 grams per liter) while stirring constantly. Continue to stir the bath 
for 3 or 4 minutes and then allow to stand for 16 to 24 hours. Com- 
plete precipitation of the silver may be determined by testing with 
sodium sulfide. 

After draining away the clear solution, the sludge should be removed, 
filtered if necessary, and dried. 

14 The sulfides of lead, iron and hydrogen and sodium hydrosulfite or sodium 
formaldehyde-sulfoxylate may be used for the recovery of silver from used fixing 
baths but are no more efficient and relatively more expensive than sodium sulfide 
or zinc, 


ARENS AND Eccert—Recovery of Silver from Used Fixing Baths. Phot. 
Ind. 34 (1936) 1011, 1040; Sci. et Ind. Phot. (II) 7 (1936) 402. 
HicKMAN AND HynpMAN—Automatic Silver Recovery from Hypo. Brit. 

J. Phot. 74 (1927) 683. 
CRABTREE AND Ross—Recovery of Silver from Exhausted Fixing Baths. 
Brit. J. Phot. 73 (1926) 522-526. 
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Electrolytic Methods of Recovery. The silver in a used fixing bath 
may also be recovered by electrolysis. An electric current passing 
between electrodes immersed in the fixing bath will cause the silver 
to separate either as metallic silver or as a suspension of silver sulfide, 
depending upon the difference in potential. Elaborate machinery for 
recovering silver from fixing baths has been developed and is used 
widely in motion picture processing laboratories. The silver is re- 
covered as metallic silver and, as the processes employed may be used 
to remove silver from a fixing bath while in use, it retains its fixing 
and hardening properties longer.1° The factor of expense places such 
equipment beyond the resources of all but the larger laboratories. 

Silver recovery units of separated copper and zinc plates forming an 
electrolytic couple are available commercially. When placed in a fix- 
ing bath containing silver, a current flows through the bath from the 
zine to the copper; if the potential is about 0.7 volts, metallic silver is 
deposited on the copper plate. These units produce a sludge if placed 
in a fixing bath when in use but from a very convenient means of 
recovering silver from discarded solutions as they require no particular 
attention. Large containers are necessary for the used baths, however, 
as from one to two weeks are required for the maximum recovery. 


PART Il. WASHING AND DRYING 


The removal of the hypo and soluble by-products remaining in the 
film after fixation is essential to the permanency of the image, for if 
left in the gelatin they decompose, producing colored stains and causing 
the image to fade. Ordinarily, the elimination of these by-products is 
accomplished by simply washing in water. Certain substances known 
as hypo eliminators are used under certain conditions to reduce the 
time of washing but offer no real advantage except in the case of prints 
where the last remaining traces of hypo are not removable by simple 
washing in water. 

Time of Washing.—In general, hypo diffuses from the gelatin 
exponentially with time.*® In other words, the quantity of hypo leaving 
the film at any moment is proportional to the quantity present at the 
same time. 

15 Hickman, Sanford and Weyerts, J. Soc. Mot. Pict. Eng. 17 (1931) 568; 
Hickman, J. Soc. Mot. Pict. Eng. 17 (1931) 591. 

16 Mees and Sheppard, Investigations on the Theory of the Photographic Proc- 
ess, 1903. Lumiére and Seyewetz, Bull. Soc. frang. Phot. (1902) 251. Warwick, 


Brit. J. Phot. 64 (1917) 261. Elsden, Phot. J. 57 (1917) 90. Hickman and 
Spencer, Phot. J. 62 (1922) 225. 
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Thus, for example, if for each minute of washing, one half of the 
hypo present leaves the film the amount originally present will be re- 
duced to one fourth in two minutes, one eighth in three minutes, one 
sixteenth in four minutes and in twenty minutes the amount remaining 
will be only 1/1,000,000 of that originally present. 

The rate at which the hypo diffuses from the gelatin layer depends 
upon the difference in the concentration of hypo in the gelatin and in 
the water in contact with it. The lower the concentration of hypo in 
the water in contact with the gelatin layer, the more rapid the diffusion 
of hypo from the gelatin. Thus the more rapidly the water in contact 
with the film is renewed and replaced with fresh, the less the time of 
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Fic. 213. Curves Showing the Rate of Hypo Elimination from a Negative 
Material in an “Ideal” Stream. 
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washing necessary to reduce the amount of hypo by a given amount. 
The maximum rate of washing is obtained by spray. Experiments 
have shown that a plate, or film, held directly beneath a tap is washed 
in from five to six minutes.7 In a tank, the time of washing depends 
primarily upon the time required to fill and empty the tank. The more 
often the water in the tank is changed the shorter the time of washing. 

Figure 213 shows the rate of hypo elimination from Verichrome film 
in an “ideal stream,” i.e., one in which a sufficient volume of water 
passes over the surface of the material so that it removes the hypo 
from the surface faster than the hypo diffuses out. It will be observed 
that the rate of hypo elimination increases with the temperature. Crab- 
tree, Eaton and Muehler * also found the time of washing to be less 
for film fixed in a non-hardening fixing bath than in the usual acid 
fixing and hardening baths. » 


MILLIGRAMS OF HYPO 
PER SQUARE INCH REMAINING IN THE PRINT 
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Fic. 214. Curves Showing the Rate of Hypo-Elimination from Papers. 


In the case of papers (Fig. 214), the rate of hypo elimination is much 
more rapid in the early stages of washing than with negative materials, 
but the last traces of hypo are not removed even upon prolonged wash- 
ing. This is due apparently to the adsorption of the thiosulfate ion to 
the fibers of the paper and the baryta coating. It does not appear that 
papers can be washed sufficiently free of hypo to ensure a high degree 
of permanency without the use of a “hypo eliminator.” See Page 369. 


17 Hickman and Spencer, Phot. J. 62 (1922) 225. 
18 From Crabtree, Eaton and Muehler, J. Franklin Inst. 230 (1940) 701. 
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Since the object in washing is to reduce the hypo in the film to an 
amount which will ensure the stability of the image, it is evident that, 
for given conditions of washing, the time depends upon the amount of 
hypo originally present in the gelatin layer. For this reason, negative 
film, owing to its thicker coating, requires longer washing than positive 
materials. Likewise gelatin which is excessively swollen from immer- 
sion in warm solutions, or a fixing bath which does not harden, absorbs 
more hypo and hence requires longer washing than that which has been 
properly hardened. It is essential, therefore, for rapid washing to 
prevent the undue swelling of the gelatin (1) by maintaining develop- 
ing and fixing solutions at the proper temperature, (2) by using a fixing 
bath which hardens efficiently, and (3) by avoiding developing solu- 
tions which because of the time required for development allow the 
gelatin to swell excessively before it reaches the fixing bath. 

Tests for Hypo.—All of the following methods of testing for the 
presence of hypo may be used with negative materials. The most con- 
venient, but least reliable in practice, is potassium permanganate; the 
mercuric bromide test is much more sensitive but is slower and samples 
of the film must be placed in the solution. The iodine azide test is 
delicate. For prints, the silver nitrate test is the only one possessing 
a high degree of reliability. The permanganate and iodine-azide 
methods indicate, with a satisfactory degree of accuracy, the hypo 
diffusing out from the surface; i.e., the hypo in the wash water—but 
do not give any indication of the hypo retained in the film or paper. 
In the case of papers, the water draining from the surface may be prac- 
tically free from hypo while a considerable quantity—sufficient to cause 
fading—is still present in the paper base and its baryta coating. For 
this reason only the silver nitrate test is a reliable indication of the 
presence of hypo in prints. 

Permanganate Test.——When the film is thought to be washed, 
it is lifted from the washing tray or tank and the surface water allowed 
to drain into 10 or 2¢ cc. of the following alkaline potassium perman- 
ganate solution: 


Metric Avotrdupois 
Potassium=permanganate...) 44h: 0.5 gm. TeDee hes 
Sodium hydroxide (caustic soda)........ 1.0 gm. 15.0 gr. 
Water (distilled) to make............. 1.0 liter 32.0 oz. 


For use, take stock solution 1 part, water 20 parts. If a small per- 
centage of hypo is present, the violet color will turn orange in about 
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30 seconds, and with larger concentrations of hypo the orange color will 
change to yellow. 

Oxidizable organic matter, if present in the water, reacts with the 

permanganate solution and changes the color in the same manner as 
hypo. The water, therefore, should be tested as follows: 
_ Add a quantity of water equal in volume to that of the wash water 
drained from the film to a second test solution prepared as above 
from pure water. If the sample to which tap water has been added 
remains a violet color, this indicates the absence of organic matter and 
it will be unnecessary to repeat the test. If the color is changed slightly 
by the tap water, the presence of hypo in the film will be shown by the 
relative color change of the two samples. For example, if the tap water 
sample turned orange, and wash water sample became yellow, it would 
indicate the presence of hypo; but if both samples remained the same 
shade, this would indicate the absence of hypo. 

Mercuric Chloride Test.—A more sensitive test consists in plac- 
ing strips of film in a solution of mercuric chloride, preferably one 
which also contains potassium bromide, and observing any turbidity 
which may develop in the solution. If sodium thiosulfate is present, it 
reacts with the mercuric chloride to form mercurous chloride which is 
relatively insoluble and causes a turbidity to appear in the solution. If 
no sodium thiosulfate or other reducing agent is present, the solution 
remains clear although the silver image is bleached white. 

The test solution is prepared as follows: 


Mercuricrchlonide sansa erence eae 25 gm 365 gr 
otassiimbbromidenmesarratae ae eee te ore 25 gm 365 gr 
Walter tounake=weren tie ae ceeareerert a 1000 ce. 32) 04 


To make the test, place a piece of the washed film about 1 inch square, 
in a test tube and add about 10 cc. of the test solution. The appear- 
ance of a milky precipitate in 10 to 15 minutes is an indication of the 
presence of hypo.’® 

Lead Azide Test.—A very sensitive test is available in a solution 
of iodine and starch. 

Two stock solutions are made: 


A) Modider wt: Me weete hcturner es Cane eons 100 gm. 4 oz. 
Rotassiuimpiodid Caeser sir ena 100 gm. 4 oz. 
Wiateritoses: ats oe eects ce eee 1000 cc. 10 oz. 

JEU SIONS HUUVIVEVALUIN, oo concn en soanasannause 100 gm. 4 oz. 
Water toc cutace, climes enc, Oia 1000 cc. 10 oz. 


19 Crabtree and Ross, J. Soc. Mot. Pict. Eng. 14 (1930) 419. 
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A starch mixture is also prepared by mixing 90 grains (6 gm.) of 
soluble starch with cold water and adding this to 7 0z. (200 cc.) of 
boiling water. On cooling, dilute to 25 oz. (800 cc.) and add 60 
minims of Solution A (3.25 cc.) and 235 minims of Solution B (13 cc.) 
diluting finally to a tetal of 35 oz. (1000 cc.). This stock solution 
keeps well and for use is diluted with 100 parts of water. If a small 
quantity of this solution is placed in a test tube and the drippings from 
a negative or print are collected in the tube, the blue color of the solu- 
tion will be immediately discharged if hypo is present. 

Silver Nitrate Test.—This test was suggested by Lumiére and 
Seyewetz °° in 1908 and again by Weyde.”!. The following directions 
are due to Crabtree, Eaton and Muehler.*? Process with the prints an 
unexposed, white sheet of paper of the same weight and kind as the 
majority of prints in the batch. To test for hypo, tear off a test strip 
and immerse a portion of it in a 1% solution of silver nitrate ** for 3 
minutes.** Rinse in water and compare the two portions of the test 
strip at once in white artificial light or in subdued daylight. The pres- 
ence of hypo is indicated by a yellow-brown stain on the portion im- 
mersed in the silver nitrate solution. The presence of hydrogen sulfide 
in the water invalidates the test as the paper will discolor regardless of 
the amount of hypo present.?® 

Hypo Eliminators.—Many substances have been recommended 
at various times as a means of reducing the time of washing by con- 
verting the hypo into compounds more soluble in water.°* Among the 
‘substances which have been recommended for this purpose are lead 
acetate, zinc hypochlorite, hydrogen peroxide, ammonium persulfate, 
potassium permanganate, potassium percarbonate, sodium carbonate 
and bicarbonate, ammonia and ammonium or sodium hydroxide. 

Under ordinary conditions, there is no need of a hypo eliminator 
with negative or positive materials on film or glass, as the hypo can 


20 Lumiére and Seyewetz, Brit. J Phot. 55 (1908) 417. 

21 Weyde, Brit. J. Phot. 82 (1935) 376. 

22 Crabtree, Eaton and Muehler, J. Franklin Inst. 230 (1940) 701. 

23 Note: Contact with this solution should be avoided as it colors the skin dark. 

24 Clark and Jelley, Brit. J. Phot. 76 (1929) 714. 

25 Electrical conductivity methods may also be used for determining the presence 
of hypo in wash water. Equipment for such determinations is on the market. 
See also Bender, Electrical Testing for Hypo Elimination. The Camera ( Phila.) 
Dec. 1937, p. 364; Brit. J. Phot. 85 (1937) 267. 

26 For a bibliography of the literature on hypo eliminators, see Crabtree, Eaton 
and Muehler, J. Franklin Inst. 230 (1940) 701. 
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be removed completely in a reasonable time by washing in water, if 
efficient methods are employed. If it is necessary to reduce the wash- 
ing time, a hypo eliminator may be useful. After the negatives have 
been washed for ten minutes, they may be placed for three minutes in 
a 0.3% solution of ammonium hydroxide and washed for 2 or 3 
minutes. 

With prints, however, the use of a hypo eliminator is necessary to 
ensure a high degree of permanency as the last traces of hypo are not 
removable by ordinary washing in water. Experiments in the Kodak 
Research Laboratories have shown that alkaline hydrogen peroxide 
will completely oxidize sodium thiosulfate to sulfate which is not ad- 
sorbed to the paper fibers and bartya, and unlike the thiosulfate is 
removable completely by washing in water. Ammonia is the most 
suitable alkali as, being volatile, the only residue after treatment, is 
sodium and ammonium sulfate. 

The following hypo eliminator *7 is recommended : 


Waters ho tly Deanne Oy Spee arene ate ae 400 cc 16 oz 
Hydrogen peroxide (3% sol.)............ 125 cc. 4 oz. 
Mennonite, (SY od anssoseescosssasnaas 100 cc. 314 oz. 
Water toimakes ern. ae et ee eee 1 liter Sl OZ 


To make 3% ammonia, dilute one part 28% ammonia with nine parts 
of water. 

One gallon (4 liters) of this solution, which should be used but once, 
is sufficient for fifty 8 & 10 prints or their equivalent. 

The prints should first be washed for 30 minutes in running water, 
then placed for 6 minutes in the hypo eliminator and finally again 
washed for 10 to 15 minutes. The temperature of wash water and 
solutions should be approximately 70°. The washing times should be 
increased if the temperature is lower. 

With some glossy papers, the change in tone caused by this hypo 
eliminator may be objectionable. In this case, 15 grains of potassium 
bromide should be added to each quart (1 gram per liter) of the hypo 
eliminator. 

The slight yellowing of the highlights may be reduced by placing the 
prints for 2 minutes in a 1% solution of sodium sulfite or acetic acid 
(1%) upon their removal from the eliminator solution. 

Drying.—The problem in drying is to reduce the water content 
of the negative, or print, as removed from the wash water until it is 


27 Kodak formula HE-1, 
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in equilibrium with the moisture content of the air in which it will be 
handled or stored. This must be accomplished without causing distor- 
tion or local variations in the density of the image, too great a change 
in density and, in the case of prints, without affecting the color of the 
image. 

Since the time of drying depends, under given conditions, upon the 
amount of water to be evaporated, it is clear that the drying time will 
be lessened if the surface moisture is removed by wiping with a viscose 
sponge or chamois, or by squeegeeing with a soft rubber squeegee be- 
fore drying. Wiping or squeegeeing the surface also serves to remove 
grit or slime which may be attached to the gelatin and to prevent the 
formation of drops of water which result in drying marks because of 
the difference in the rate of drying. 

Negative materials ** should be dried in a good circulation of dry, 
dust-free air at a temperature between 75° and 95° F. (24° to 35° C.). 
Much higher drying temperatures are possible with prints on develop- 
ing papers, but rapid drying at high temperature affects the color and 
density of the image and renders the emulsion and paper stock brittle 
and easily broken. This is particularly the case with glossy papers 
dried on ferrotype tins or on a gloss drier. 

The time required in drying depends upon the following conditions: 


1. The amount of water absorbed by the gelatin. This is propor- 
tional to the thickness of the swollen film; hence, the higher the degree 
of swelling the longer the time required in drying. For rapid drying 
undue swelling of the gelatin should be prevented by maintaining the 
temperature of the processing solutions and the water used for washing 
at 65° F. (18° C.) and by using a fixing bath with good hardening 
properties. 

2. The rate at which the air on the surface of the film 1s changed. 
Air which remains in contact with the surface of the film soon becomes 
more or less saturated with water vapor and as the degree of saturation 
increases, the rate of drying diminishes. It is important, therefore, to 
provide for rapid and continuous renewal of the air in contact with the 
film so that drying is not retarded. Small volumes of air at high 
velocity are more effective than large volumes at a low velocity. 

3. The relative humidity of the air. The ratio between the amount 
of water in a sample of air and that required to completely saturate it 
at that temperature is termed the “relative humidity” of the air. The 


28 Special methods of drying negative materials, page 554. 
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higher the relative humidity, that is, the more water the air contains, 
the less it can absorb; thus the relative humidity is an inverse measure 
of the drying power of the air. 


The relative humidity is lowered as the temperature is raised, since 
the ability of air to absorb water increases with the temperature. The 
rate of drying, under given conditions, is inversely proportional to its 
relative humidity and increases with the temperature. The temperature 
of the drying air should not exceed 90° F. (32° C.) unless the film is 
specially hardened, or the gelatin is likely to melt.2® The relative hu- 
midity of the air should, if possible, be held approximately at the 
volume which is in equilibrium with film having the desired moisture 
content; as film which has been too thoroughly desiccated is brittle. 
Best results are obtained with air having from 40 to 50% relative 
humidity. 

In general, the density and contrast of the image tend to increase 
with an increase in the relative humidity and temperature of the drying 
air. This is due in part to the increased rate of drying and in part to 
the softening of the gelatin which appears to result in the rearrangement 
of the grains of silver to produce a higher density.®° 

Uniform drying conditions are essential, therefore, if uniform nega- 
tive quality is to be maintained. 

It is essential that the rate of drying be the same for all parts of the 
negative, or variations in density are produced. These variations in 
density, commonly referred to as drying marks, are usually the result 
of drops of water adhering to the surface of the film during drying. 
Drops of water are less likely to form on film which has been properly 
hardened in an acid fixing and hardening bath, or if the surplus water 
is removed before drying. 

Drying marks once formed may be removed by bleaching the image 
in potassium permanganate and redeveloping. See page 560. 


29 As for example, a chrome alum stop bath or an alkaline formalin hardening 
bath. 
30 White, J. Soc. Mot. Pict. Eng. 29 (1932) 340. 


CHAPTER: XII 


THE STRUCTURE OF THE DEVELOPED 
PHOTOGRAPHIC IMAGE 


Introduction.—The photographic emulsion was found in Chapter 
VI to consist of light-sensitive crystals of silver halide in gelatin. 
These crystals vary in size from ultramicroscope particles to as much as 
three or four microns, and in various shapes, the most common being 
triangles or hexagons with the corners rounded off (Fig. 215). In the 
ordinary film or plate, the emulsion is from 20 to 30 crystals thick and 


Fic. 215. Photomicrographs of the Development of Crystals of Silver Halide 
in a Photographic Emulsion. At the extreme left is shown the silver halide 
grains before development followed from left to right by successive stages of 
development until the grains of silver halide are completely reduced to metallic 
silver (extreme right). 


the number involved has been estimated at from 10 to 20 billion per 
square inch. These crystals vary in sensitivity as well as in size, the 
sensitivity of a crystal being defined as the amount of energy required 
to make it developable. Consequently, the number of crystals rendered 
developable upon exposure depends upon the number which absorb 
sufficient energy to render them developable. The greater the light 
energy available, i.e., the exposure, the greater will be the number 
affected. 

Thus the developed image consists of grains of metallic silver formed 
by the reduction of the developable crystals of silver halide, either 
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wholly or partially, to metallic silver. If development has been carried 
to completion, all the developable grains are completely converted to 
metallic silver. In the case of negative materials, however, development 
is not ordinarily carried to completion ; consequently, the image contains 
many grains of silver which represent crystals of silver halide which 


(a) (0) 


Fic. 216. Photomicrographs of the Developed Silver Grain at a Magnification 
of 30,000 Times, Made in the Kodak Research Laboratories with the Electron 
Microscope. The grain in (a) has been developed in metol; that in (Db) in 
hydroquinone. 


have been only partially developed.1. The silver grains in a negative 
emulsion vary with the size of the original crystals of silver halide and 
the degree of development, the largest being,on the order of from 4 to 
5 microns. They are invisible except at a high magnification (Fig. 215). 
However, at much lower magnifications, the deposit of silver still pos- 
sesses a granular structure (Fig. 217). Since the degree of magnifica- 
tion is not sufficient in this case to separate, or resolve, the individual 


1 Recent studies of the structure of the developed silver grain at magnifications 
of 20,000 to 25,000 X with the electron microscope have shown that the particles 
of silver are not solid but have a filamentary structure, the nature of which varies 
slightly with different developing agents. Metol and amidol, Fig. 216 (a) pro- 
duce fine filaments; while hydroquinone (b) produces coarse filaments. In the 
fully developed grains of photographic deposit, the filaments are so closely packed 
that the grain is completely opaque and the filamentary structure is evident only 
along the edges. 
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silver grains, it is apparent that they are not uniformly distributed in 
the gelatin layer but tend to occur in groups or clumps. 

The granularity or non-homogeneity of the image, arising from 
variations in the distribution of 
the grains of silver, is not re- 
stricted to any particular degree 
of magnification; on the contrary, 
for every degree of magnification 
there is a corresponding degree of 
non-homogeneity. Even at the 
comparatively low magnifications 
involved in enlarging, the non- 
homogeneity of the negative im- 
age is evident in the granularity 
or “graininess” of the projected 


Fic. 217. Granular Appearance of 
the Developed Image at a Magnifica- 
image (Fig. 218). From this, it tion of 100 x. 
is evident that the clumps of sil- 
ver grains, like the grains themselves, are not evenly distributed in the 


image. 

The non-homogeneity of the silver deposit is due primarily to the 
clumping of the crystals of silver halide in the emulsion, but the scatter 
of light within the emulsion favors the formation of larger clumps of 
silver and, in development, causes the action to spread from a grain to 
others which may be adjacent to it even if these have not received suf- 
ficient exposure to make them developable. In this way, the clumping 
of silver particles is increased beyond that which would naturally occur 
from the clumping of the silver halide crystals themselves. There is 
also an optical clumping due to the overlapping of clumps of silver at 
different depths in the emulsion layer to form a larger aggregate. This 
is not an important factor except at relatively low densities becoming 
less as the density increases, since the overlapping of the clumps then 
results in greater homogeneity. 

The Graininess of Photographic Deposits.—The term graininess 
is applied to the degree of non-homogeneity visible at low magnifica- 
tion—as in projection or projection printing—to distinguish it from the 
non-homogeneity produced by the separation, or resolution, of the indi- 
vidual silver grains which is possible only at much higher magnification. 
While the two are related, graininess is of concern to every photog- 
rapher, while the size of the silver grains, the size-frequency, etc., are 


~~ 
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matters which, in general, interest only the emulsion maker, or the 
physicist. 

The first quantitative measurements of the graininess of photographic 
- deposits were made by Jones and Deisch,? who designed equipment for 
measuring graininess in which the non-homogeneity of the density is 
determined from the distance at which a magnified image of the deposit 
must be placed to appear homogeneous. Similar apparatus has since 
been designed by Jones and Hardy * and by Lowry. 

The use of a comparison microscope in which the magnification of 
the silver deposit is altered until the degree of non-homogeneity is the 
same as that of a standard test object has been described by Conklin.’ 

Suggestions have been made “that the Callier coefficient—i.e. the ratio 
of the diffuse to the specular density—be used as a measure of graini- 
ness ® but has been shown by Lowry to be unreliable. 

Microdensitometer traces, i.e., the line representing the variations in 
density as measured by a microdensitometer, have been used by Dun- 
ham 7 and by Mees to indicate the relative graininess differences of films 
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Fic. 219. Microdensitometer Traces Showing Graininess Differences of Typical 
Negative Materials. 


2 Jones and Deisch, Brit. J. Phot. 67 (1920) 689, 706. 

3 Jones and Hardy, Trans. Soc. Mot. Pict. Eng. No. 14 (1922) 107. 

4Lowry, J. Opt. Soc. Amer. 26 (1936) 65. 

5 Conklin, Trans. Soc. Mot. Pict. Eng. 16 (1931) 159. 

6 Jones and Deisch, loc. cit. Threadgold, Phot. J. 72 (1932), 348. Kuster, 
Phot. Korr. 70 (1934) 17. 

7 Dunham, Die Anwendung der Photographie in der Astrophysik, p. 287. 
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and plates for astronomy and spectrography. In Fig. 219* are shown 
microdensitometer traces showing the relative graininess of several 
plates varying in speed from a process material to one of comparatively 
high speed. 

A graininess meter employing photographic recording of the micro- 
densitometer readings and an integrator to reduce these tracings to a 
numerical measure of graininess has been described by Goetz.® 

Crabtree employed enlargements having the same density and con- 
trast, made on the same paper and under the same conditions.*° This 
method has the advantage that it corresponds with the conditions under 
which graininess is of concern to the photographer. Relative values 
for graininess are obtained from the distance at which the graininess 
of the enlargement just disappears. 

If this method is followed, the following precautions must be strictly 
observed : 


1. The wmages must be carefully focused. Graininess is very de- 
pendent on sharpness of the image and any procedure which tends to 
diminish this sharpness, such as lack of critical focusing, movement 
during exposure, or the use of a lens of low resolving power, will also 
tend to diminish the graininess, and therefore vitiate the graininess 
comparison. 

2. Prints must be matched exactly with regard to highlight and 
shadow densities since the appearance of graininess is very dependent 
on the density contrast of the print. 

3. The conditions of comparison must be held constant. This means 
that the test object must remain uniformly lighted, the camera focus 

8 Mees, Photographic Plates for use in Spectroscopy and Astronomy, Eastman 
Kodak Company. 

"Goetz Phot, Recha (O39) sseptapa 2) 

10 Crabtree, Brit. J. Phot. 86 (1939). 3, 19, 39. 


GoEtTz, GoULD AND DEMBER—Objective Measurement of the Graininess of 
Photographic Emulsions. J. Soc. Mot. Pict. Eng. 34 (1940) 279. 
REINDERS AND BEuKERS—Fine Grain Developers and a Method of De- 
termining the Graininess of Photographic Plates. Phot. J. 78 (1938) 
192. 

SELWyN—Experiments on the Nature of Graininess. Phot. J. 79 (1939) 
513: 

THREADGOLD—The Callier Coefficient and Its Relationship to Graininess. 
Phot. J. 79-C1939)5524: 

VY ARDEN—A Few Considerations on the Problem of Graininess. J. Phot. 
Soc. Amer. 6 (1940) 9. 
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should not be changed, the same emulsion should be used, the develop- 
ing conditions should be identical, the focus of the enlarger should not 
be altered, and matched prints must be obtained by similar development 
of paper of the same batch number. 

Factors Affecting the Graininess of Photographic Images.— 
Among the factors affecting graininess are: 


1. The emulsion. The primary cause of graininess is the clumping 
of the grains of silver halide in the emulsion. Important factors in 
the clumping of the silver halide grains would appear to be the average 


Gamma 
1.09 


Fic. 220. Showing Graininess of Images of Equal Density Obtained from 
Negatives Given Different Exposures and Developed for Different Times Pro- 
ducing Low and High Gammas. Note that the Print from the Low Gamma 
Negative is less Grainy (Crabtree). 


grain size and the size-frequency, 1.e., the relative number of grains of 
each size present. In general, it appears that the tendency towards 
clumping is at a minimum and therefore graininesss is lower, the more 
nearly uniform in size the grains of an emulsion and the smaller the 
average grain size. The manufacturers of sensitive materials have suc- 
ceeded in recent years in producing emulsions with greatly reduced 
graininess, but the methods employed have not been disclosed. 

2. The density of the silver deposit. Under given conditions, and 
with all emulsions, the graininess increases with the density up to a 
maximum which varies between 0.3 and 0.6, depending upon the emul- 
sion and the conditions of development. From this, it 1s evident that 
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the various tones of the image exhibit varying degrees of graininess 
according to their density. Graininess is always more in evidence in 
the lighter tones of the positive and in an area of relatively uniform 
brightness such as the sky or the face. Factors which keep the density 
of the negative as low as is consistent with good negative quality; 
namely, the avoidance of over-exposure and development to a low 
gamma, are desirable in securing fine-grain images. 
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aa Pa 
Density Density 
0.34 1.98 


Fic. 221. Images of Equal Density Printed from Negatives of Different Density. 
Note that the Denser Negative Gives the Granier Image (Crabtree). 


3. The degree of development or gamma. Since the development of 
a grain of exposed silver halide is progressive, starting from a center, 
or nucleus, on the silver halide grain and continuing until the entire 
grain is reduced to silver, it is evident that if development is arrested 
at an early stage, the grains will be only partially developed and the 
particles of developed silver comprising the image will be smaller, and 
the clumping less, than if developing is carried nearer to completion. 
Since the visibility of the grain and grain clusters, which determines the 
graininess of the image, is proportional to their size, it is apparent that 
a developed image of any given density obtained in one case by full ex- 
posure.and a low degree of development will, in general, exhibit less 
graininess than one which has received less exposure and has been de- 
veloped to a higher gamma. 

4. The composition of the developer and conditions of developer. 
Much has been published in recent years regarding fine-grain developers 
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and development. A great deal of this information is based upon 
theories and data of questionable validity and many of the claims cannot 
be substantiated in practice. Quantitative data is lacking on many proc- 


0.10 0.€0 1.26 


Fic. 222. Silver Deposits of Different Density Showing that the Maximum 
Graininess Occurs at a Density of from 0.6 to 0.8 (Crabtree). 


esses and methods which have been highly publicised and. the entire 
subject is one in which quantitative investigation is sadly needed. In 
general, however, it appears that a substantial improvement in graininess 
is possible in development only with developers of low reduction po- 
tential, or possessing a high solvent action on silver halide and at the 
expense of emulsion speed. Attention should be called to the fact 
that the lack of homogeneity, or graininess, in a projected image de- 
pends to a considerable degree upon the character of the illumination 
on the negative. See Page 624. 

The Sharpness of the Photographic Image.—The sharpness with 
which an image is recorded by the sensitive material is an important 
consideration in many fields of photography, especially in miniature 
camera work where the negative must be greatly enlarged and any 
unsharpness in the negative is likely to be evident in the enlargement ; 
in astronomical photography, where star images in clusters must be 
sharply defined in order to be clearly separated; in aerial photography, 
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where sharpness is required in fine detail; in photomicrography and in 
many other fields of applied photography. 

Since the photographic image is not homogeneous, being composed 
of grains of metallic silver grouped in clumps, it is evident that even 


Fic. 223. Low-Power Photomicrograph of the Image of a Razor Blade Ex- 
posed in Contact with the Emulsion. The Result of Increased Exposure is 
Shown at the Right. 


with an exposure just sufficient to form an image, the line marking the 
boundary between an exposed and an unexposed area will, upon suf- 
ficient magnification, be found to have an irregular edge. This is 
shown in Fig. 223 which is a photomicrograph of the image formed by 


SILVER BROMIDE 
GRAINS 
IN EMULSION 


Fic, 224. Diagram Illustrating the Scatter of Light by Grains of Silver Halide 
in the Emulsion. 


the edge of a razor blade in contact with a positive emulsion which has 
been exposed with parallel light. With increased exposure (right) 
the line becomes still less sharp. The diffusion of the image observed 
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with increased exposure is due to the scatter of light within the emulsion 
which results in light sensitive crystals of silver halide along the edge 
covered by the razor blade and, therefore, not directly exposed to the 
incident light, being exposed by light reflected from, or diffracted by 
other crystals of silver halide which are within the exposed area (Fig. 
224). The greater the exposure, the more pronounced the spreading 
of the image beyond the boundary of the exposure on the surface. 

If by means of a micro-densitometer, an instrument designed to 
measure the density of very small areas, the density of the diffused 
image produced by the scatter of light within the emulsion is measured 
at regular intervals from the boundary of the exposed area to its 
extreme limit, and density is plotted as a function of the distance, a 
curve is produced which has the same shape as the familiar D log E 
curve. In other words, the D log E curve of an emulsion is the same 
as the “sharpness” curve, except that the abscissae are compressed by 
a constant factor." This would indicate that emulsions having a high 
gamma, a long straight-line portion and a short “toe” or “foot”? would 
be the best for maximum image sharpness. 
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Fic. 225. Density Gradient at the Edge of An Image. 


The degree of penetration of the emulsion by light and hence the 
amount of scattering varies with the wave length. In general, the 


11 Goldberg, Phot. J. 36 (1912) 300. Tugman, Astrophysical J. 42 (1915) 331. 


MENDELSSOHN—The Diminution of Illumination at the Edge of an Image. 


Phot. J. 78 (1938) 128. 
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maximum sharpness occurs in the ultra-violet, decreasing rapidly to a 
minimum in the blue-green and increases somewhat in the orange and 
red (Fig. 226), but there is some variation with different emulsions. 

It would appear, therefore, that in most cases the highest sharpness 
with any particular emulsion is obtained when the developed image lies 
chiefly on the surface of the emulsion layer. So far as the sharpness 
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Fic. 226. Curve Showing the Variation of Sharpness with the Wave-Length of 
the Exposing Light. 


of the image is concerned, it does not appear to matter whether the sur- 
face image is the result of low exposure, the use of a thin emulsion 
coating, the incorporation of a dye in the emulsion to prevent the pene- 
tration of light into the lower layers or by development in developers 
which act chiefly on the surface of the emulsion layer. 

Yellow dyed emulsions have been employed to secure maximum 
sharpness as in films designed for the duplication of motion picture 
negatives and in plates for spectroscopic work ; however, it is necessary 
in such cases to use emulsions of high contrast as the incorporation of 
a yellow dye reduces the density and contrast by limiting the penetra- 
tion of light.1” 

Halation—The halo which is sometimes observed in photo- 
graphic images of bright objects or sources of light is known as hala- 
tion. Halation is another example of the spreading of the image be- 
yond the bounds of the exposure (Fig. 223) and is produced when 


12 Motion Picture Laboratory Practice, Eastman Kodak Co. 1936. 
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light is reflected back into the emulsion from the rear of the support 
so as to form a secondary image (Fig. 227). WHalation and irradiation 
usually occur together and, while the former may be almost totally pre- 
vented by coating the rear of the emulsion support with a light-absorb- 
ing layer or backing, irradiation remains unaffected. It is probable, 
therefore, that most cases of halation are due in large measure, if not 
wholly, to irradiation: i.e., scattered light in the emulsion. 


va 


Itc. 227. Diagram Showing How Rays of Light Reflected from the Back of the 
Support Produce Halation. 


The density of the secondary, or halated, image, and to some extent 
its size, depend upon several factors: 


1. The amount of exposure. The greater the exposure, or the greater 
the contrast between the bright object and its surroundings, the more 
pronounced the halo. 

2. The degree of development. The greater the degree of develop- 
ment, the higher the density and therefore the intensity of the halo. 
Developers which act chiefly on the surface or in the upper layers of 
the emulsion, develop less of the secondary, or halated, image than 
those which develop the exposed grains next to the emulsion support. 

3. The turbidity and thickness of the emulsion. The greater the 
turbidity and thickness of the emulsion coating, the less light it trans- 
mits and, therefore, the lower the density of the secondary image under 
given conditions. A thickly coated film or plate is much less subject 
to halation than a thinly coated one. 

The methods employed to prevent halation may be conveniently 
grouped under three heads: 


1. Placing a light-absorbing layer, or backing, on the rear surface of 
the glass or film base. Backed plates have been an article of commerce 
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almost as long as the dry plate itself and the value of backed plates in 
dealing with subjects in which halation is likely to occur is well estab- 
lished. In recent years, backings containing dyes which are decolorized 
in the developer, or fixing bath, and require no attention in processing 
have largely replaced the older backing materials which contained a 
pigment in a water soluble material, such as dextrine or caramel, which 
had to be removed during development by washing in running water 
and discolored the developer so that it could no longer be used. 

2. Increasing the amount of light absorbed in the emulsion by double 
coating. This has long been popular in the United States where the 
majority of cut films intended for professional use are double coated ; 
first with a slow, blue-sensitive emulsion and then with the regular 
negative emulsion. The emulsion next to the support ordinarily plays 
no part in the formation of the image. It is designed to be as opaque 
as possible and its only function is to absorb light transmitted by the 
emulsion coated over it. 

3. Increasing the opacity of the film base. For motion picture work, 
a soluble backing is not desirable and instead a grey base film in which 
the backing is an integral part of the film base is used. The increased 
density of the negative is compensated for by increase in exposure 
when printing. 

Resolving Power of Photographic Materials.—Closely connected 
with the spreading of the image, although not wholly dependent upon 
it, is the resolving power of the emulsion. Resolving power refers to 
the ability of the emulsion to define sharply or “resolve” fine detail in 
the image, and may be quantitatively defined as the distance between 
two closely adjacent images, or lines, which can be rendered separately 
by the emulsion. It is more conveniently expressed as the reciprocal 
of this distance; in other words, the greater the number of lines per 
millimeter an emulsion can reproduce clearly, i.e., the less the distance 
between the lines, the higher the resolving power. Thus, if two lines 
are separated by a distance equal to the width of the lines, resolving 
power may be expressed numerically as the number of lines per milli- 
meter. 


Kuster—An Objective Method for the Determination of Halation. Phot. 
Korr. 71 (1935) 65, 73; Sci. et Ind. Phot. (II) 6 (1935) 363. 

Mavuce—Examination and Measurement of Halation. Bull. Soc. franc. 
Phot. 14 (1927) 12-30. 

NEUGEBAUER—Halation Tests. Photofreund. 9 (1930) 452. 

RuEepEN—Halation and Its Prevention. Phot. Rund. 4 (1926) 69. 

Sayce—The Measurement of Resolving Power. Phot. J. 80 (1940) 456. 
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The resolving power of an emulsion is usually determined by photo- 
graphing with a well corrected lens, a test object composed of parallel 
lines of different widths or a fan-shaped grating * (Fig. 228). 


. 


(b) 
Fic. 228. Design of Gratings Used in Determining the Resolving Power of an 
Emulsion. (a) Mees, (b) Sandvick. 


Factors Affecting Resolving Power.— 

1. The emulsion. In the case of emulsions blended of fine grains for 
contrast and course grains for speed, the resolving power varies with 

13 Mees, Proc. Royal Society, A83 (1909) 10. Tugman, Astrophysical J. 42 
(1915) 331. Ross, The Physics of the Developed Photographic Image. Van 
Nostrand 1924. Sandvik, Proc. Seventh International Congress of Photography, 
Heffer, Cambridge 1929. 
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the exposure and the highest resolving power for any speed is obtained 
with the closest approach to uniformity in grain size. The higher the 
maximum gamma, the greater usually is resolving power. 

So far as color sensitizing is concerned, the best sensitizer for in- 
creased resolving power is a green sensitizer whose actual color acts 
as a minus blue filter. Ideally, the effect of the dye would be to balance 
the increase in speed from the absorption in the blue and _ violet. 
Ordinary yellow dyes improve resolution only by keeping the image 
on the surface and reducing image spreading. 

In general, resolving power increases with decreased graininess and 
becomes less as the thickness of the emulsion coating increases. If the 
emulsion coating is too thin, the grains are too scattered to form sharp 
image edges; if too thick, the image spread is marked. The optimum 
value lies between these extremes and varies with the emulsion char- 
acteristics." 

2. The exposure. The resolving power tends to decrease with the 
exposure because of increased spreading of the image.?® 
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Fic. 229. Curve Showing the Variation in Resolving Power with the Wave- 
Length of the Exposing Light. 


3. The contrast of the image. The resolving power with most emul- 
sions and given conditions of exposure and development tends to in- 
crease with the contrast of the subject.'® 

14 Sandvik, Proc. Seventh Cong. of Phot., Heffer, Cambridge 1929. 


15 Sandvik, loc. cit. 
16 Sandvik, loc. cit. 
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4. The color of the exposing light. The resolving power varies with 
the wave length of the exposing light, the general curve representing 
the relation between resolving power and wave length being very similar 
to the sharpness curve (Fig. 229) .17 

5. The developer. The resolving power appears to vary with the 
developing agent but the reason for this is not entirely clear. Develop- 
ing solutions which produce images of high density and contrast, result 
usually in images with higher resolving power. Fine-grain developers, 
in general, do not produce high resolving power. Developers which 
produce a D log E curve with a short steep, toe portion are superior in 
this respect to those which produce long sweeping curves.'® 

It is probable that the swelling and shrinkage of the gelatin in 
processing has some effect on resolving power, but no extensive studies 
of the subject appear to have been made. 

Resolving Power of Typical Negative Materials—The following 
values are for a subject with a brightness range of 1: 30, using a light 
source with a color temperature of 5400° K., the accepted standard for 
noon sunlight, and development in a borax type developer : 


Lines per mm. 


Highespeedspanchrormiatica tila ette roto creetersicvers ereierers cier-rers 45 
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Positive motion: picture film (contrast) .2..5..-...--..<.- 70 
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17 Sandvik, loc. cit. Sandvik and Silberstein, J. Opt. Soc. Amer. 17 (1928) 
107. 
18 Huse, J. Opt. Soc. Amer. 1 (1917) 119. 


CHAPTER XT 
PHOTOGRAPHIC SENSITOMETRY 


Definition and Scope of Sensitometry.—One of the primary con- 
cerns of sensitometry is the measurement of sensitivity. However, 
an adequate measure of sensitivity cannot be obtained without reference 
to the other characteristics of a photographic material; hence, sensi- 
tometry is more completely defined as the quantitative measurement of 
the response of photographic material to radiant energy. 

Moreover, as the effect of exposure becomes apparent only after 
development, quantitative determinations of sensitivity must involve 
the measurement of development and its effect on sensitivity. 

While formerly of interest only to the manufacturers of photographic 
materials and those engaged in research, sensitometric methods are 
now widely employed in the processing of photographic’ materials, 
particularly in the motion picture industry, and as time goes on there 
is little doubt that sensitometric methods will be used more and more in 
practical photography. 

Sensitometric investigations provide a means of determining and 
expressing quantitatively : 

1. The speed, or sensitivity, of a photographic material. 

. The degree of development secured under given conditions. 

. The time of development for a given degree of development. 
. The latitude, or exposure range, of a material. 

. Conditions governing the reproduction of tone. 

6. Means of expressing relative contrast and the maximum contrast 
attainable with a given film or plate and conditions of development. 


mm BW dD 


Reciprocity Effect—Measurements of the response of a photo- 
graphic material to light, or other forms of photochemically active 
radiation, are based fundamentally on the density (or amount of metallic 
silver) produced under given conditions of development, by an ex- 
posure which is measured in terms of the illumination acting on the 
sensitive material multiplied by the time which it is allowed to act. 

Bunsen and Roscoe, as a result of their investigations on the darken- 
ing of silver chloride papers, established what is called the reciprocity 
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law, according to which the photochemical effect (or blackening pro- 
duced) is the product of time and intensity; time being a reciprocal of 
intensity, or vice versa. It was shown by Abney, however, that the 
photographic plate does not exactly obey the reciprocity law and that 
the effect produced by a given exposure depends upon the actual values 
of intensity and time and not simply on their product. 

Following a series of investigations on the relation of time and 
intensity in photographic exposure, Schwarzschild suggested that the 
relation might be written as 


B= Hip, 


where £ stands for the effective exposure, or photographic effect; J 
and ¢ for intensity and time, and fp a constant which Schwarzschild 
thought to be independent of the actual light intensities and of the sensi- 
tive material. 

Later work has shown that for each plate there is an optimum in- 
tensity of light which produces the greatest developable effect. The 
value of this optimum intensity depends chiefly on the speed of the 
plate or film. In the region of the optimum intensity, the reciprocity 
law is approximately followed; only at lower intensities does Schwarz- 
schild’s rule hold. It has also been shown that the maximum density 
developable for a given exposure depends upon the intensity of light 
acting, decreasing as this becomes less. Lastly, the magnitude of the 
reciprocity failure increases greatly as the emulsion speed, or sensitivity 
of the emulsion, decreases and is apparently greater with color-sensitive 
than with non-color-sensitive materials. 

Closely connected with the failure of the reciprocity law is the “in- 
termittency effect,” discovered by Abney, who found that the photo- 
graphic effect of an intermittent exposure is not equal to a continuous 
exposure for the same time but differs by an amount which depends 
upon the degree of intermittency and the speed of the sensitive material. 


1 Abney, Treatise on Photography, p. 391. 


Jones AND Huse—On the Relation between Time and Intensity in Photo- 
graphic Exposure. J. Opt. Soc. Amer. 7 (1923) 1115. 

Jones, Huse anp Hatt—Relation between Time and Intensity in Photo- 
graphic Exposure. J. Opt. Soc. Amer. 12 (1926) 321-348. 

Jones anp Wexss—Reciprocity Law Failure in Photographic Exposures. 
J. Soc. Mot. Pict. Eng. 23 (1934) 142-159. 

Toyv—Relation between Time and Intensity in Photographic. Exposure. 
Brit. J. Phot. 73 (1926) 704. 
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Recently it has been found that an intermittent exposure produces 
the same result as a continuous exposure of the same duration, 1f the 
degree of intermittency is above a certain critical level which varies 
with the intensity level.? 

Exposure of the Material for Sensitometric Purposes.—lIf the 
response of a material to light or other forms of radiant energy is to 
be determined quantitatively, it is obviously necessary to provide (1) a 
means of producing a series of accurately known exposures, and (2) 
development under measurable and standardized conditions. 

The exposure of the material involves: (1) the establishment of a 
standard light source of known intensity and spectral composition, and 
(2) a means of producing a series of known exposures on the photo- 
graphic material. 

Light Sources.—Candles, and lamps burning liquid pentane, 
amyl acetate and acetylene have been employed as standards, but stand- 
ardized incandescent electric lamps are used almost exclusively at the 
present time. It is necessary to calibrate such lamps accurately for 
luminous intensity and spectral distribution (color temperature) in a 
testing laboratory. Inasmuch as both of these factors depend upon the 
temperature of the filament, which in turn depends on the current flow- 
ing through the lamp, it is necessary to control with a high degree of 
precision the electric supply from which the lamp is operated in order 
to maintain a suitable standard. 

The spectral distribution of energy in the radiation emitted by 
incandescent electric lamps of the type suitable for use as standards is 
quite different from that of sunlight. Since the radiation from an 
incandescent standard lamp is relatively richer in the long-wave region, 
a blue-violet filter is required to secure radiation approximating that of 


2 Webb, J. Opt. Soc. Amer. 23 (1933) 157. 


Davis AND Grisson—Artificial Sunlight for Photographic Sensitometry. 
Proc. Seventh Int. Congress of Phot. London. 1928. 

Davis AND NEELAND—Variation of Photographic Sensitivity with Different 
Light Sources. Bur. Stand. J. Res. 7 (1931) 843. 

Davis AND NEELAND—Variation of Photographic Sensitivity with Different 
Light Sources. J. Soc. Mot. Pict. Eng. 18 (1932) 732. 

MEES AND SHEPPARD—Investigations on Standard Light Sources. Phot. 
J. 50.1910) 287 ;-Brit- Jo Phots57 (1910), 627, 

Watsn—Standards of Light for Photographic Sensitometry. Phot. J. 65 
(1925) 52. 

Report of the Optical Society of America Committee. Unit of Photographic 
Intensity. J. Opt. Soc. Amer. 12 (1926) 567. 
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noon sunlight. To attain a color temperature of 5400° K, the figure 
adopted as a standard for noon sunlight, with the highest precision, a 
liquid filter is required; however, for practical purposes dyed gelatin 
filters such as the Wratten No. 79, 78 or 78-AA are quite satisfactory. 

Sensitometers.—Since exposure is defined as the product of the 
illumination on the photographic material (in candle-meters) and the 
time (in seconds), or 

a4 er, 


a series of exposures may be produced by varying either factor while 
keeping the other constant. A series of exposures produced by varia- 
tion of the intensity acting on different portions of the photographic 
material is termed an intensity scale; a scale produced by varying the 
time of exposure is termed a time scale. 

An intensity scale may be produced in several ways: 


1. Absorbing media. This method consists in the use of a series 
of densities which, when placed between the source of illumination and 
the sensitive material, vary the illumination in accordance with the 
transmission of the different steps. Such “step wedges” are made of 
pigmented gelatin following the procedure originally published by E. 
Goldberg * or are calibrated photographic copies of such wedges. While 
useful for preliminary or routine sensitometric investigations not re- 
quiring a high degree of accuracy, wedges of this type are not sufficiently 
reproducible or free from selective absorption to be suitable for work 
of high precision. 

2. Deforming lens systems (Optical wedge methods). The term, 
optical wedge, is applied to an intensity scale produced by means of a 
stepped diaphragm used in conjunction with a cylindrical lens. The 
basic principle is shown in Fig. 230. The stepped diaphragm shown 
in detail at the left, is placed next to a uniformly illuminated opal glass 
plate. The cylindrical lens produces an image of the diaphragm on 
the sensitive material as a series of steps of equal width but varying in 
intensity with the length of each step. The first to utilize this principle 
was Guilloz.* It was improved by Callier ° but the image was rather 
small. This type of sensitometer has been revived by McFarlane in 
an instrument designed for the sensitometry of developing papers.® 

8 Brit. J. Phot. 57 (1910) 642, 648. 

4 Comptes Rendus 148 (1909) 164. 

5 Phot. J. 37 (1913) 242. Brit. J. Phot. 60 (1913) 972. 

6 J, Franklin Inst. 228 (1939) 445. Also, Kinder-Zcit. fuer Instrumentkunde 10 
(1936) 393. 


394 oe PHOTOGRAPHIC SENSITOMETRY 


3. Methods based upon tubes. The tube sensitometer (Fig. 231) 
consists of a number of tubes, or cells, having small openings in one end; 


oP 


Ae 


Fic. 230. Optical System Used in Producing an‘Intensity Scale of Exposures. 
The Upper Diagram Shows the Cylindrical Lens and Associated Light-Modula- 
tion System in Cross-Section. The Lower Shows How the Aperture Plate and 
Lens are Disposed when Viewed from Above. 


the sensitive material is placed at the other, which is left open. Thus, 
the light reaching the portion of the sensitive material exposed at the 


Fig. 231. Tube Sensitometer. An obsolete type of this instrument designed by 
Vogel. Eder, Ausfiihrliches Handbuch der Photographie.) 


base of each tube varies as the size of the open area at the other end. 
The chief objection to sensitometers of this type is the limited range 
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in exposure obtainable without resorting to very long tubes of large 
diameter.7 

Time Scales.—Time scales are produced by interposing between 
the light source and the photographic material a continuously moving 
opaque plate with a series of slits whose lengths vary in accordance 
with the exposures desired. The shutter may be rectangular with longi- 
tudinal slits moving in a straight line (Fig. 232a) or angular openings in 


(a) (b) 
Fic. 232. 


a circular disk (Fig. 232b), which is rotated in front of the sensitive 
material. In the example shown there are nine apertures whose lengths 
increase logarithmically by consecutive powers of two. Thus, the rela- 
tive exposure for each aperture from the shortest to the longest is: 


ENDL IVC ote west ties Seah 1 eA ene Dies ene 6 Naan 8 9 
Relative exposures. . mec i482 16 = 327 64. 128. 256 


In some cases, a series of exposures with a lower order of progression 
is desirable and this has led to the adoption in many sensitometers of a 
scale of exposures increasing as the power of the V2 or, 


1 1.41 Z 2.82 4 5.64 8 etc. 


It is obvious that if a disk of the type shown in Fig. 232b is rotated, 
an exposure time greater than that required for one revolution of the 
disk results in an intermittent exposure. In other words, the total time 
of exposure for each aperture is the sum of the exposures produced with 
each revolution of the disk. The photographic effect of a series of 
intermittent exposures, however, is not the same as a continuous expo- 

7 Eder’s Handbuch 12 p. 412. Jones, Photographic Sensitometry. 2nd Ed. 
Eastman Kodak Co. 1935. Bornemann & Tuttle, J. Opt. Soc. Amer. 32 (1942) 
224, 
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sure of the same duration, but varies with the length of exposure, the 
number of separate exposures, and the photographic material. 

The errors resulting from an intermittent exposure may be avoided 
by rotating the disk more slowly so that the necessary exposures are 
obtained with a single revolution. If the time required for one revolu- 
tion of the disk is relatively long, a clutch may be used to engage the 
driving mechanism which rotates the disk at a constant speed throughout 
one revolution, at the completion of which the clutch is automatically 
disengaged and the disk is brought to a stop. This procedure is im- 
practical if the time for one revolution is short, as it is difficult at a high 
speed to stop and start the disk, or to rotate it at a uniform speed. In 
this case, the disk is rotated continuously at the required speed and an 
electrically operated shutter is provided which is so controlled that it 
remains open for only one revolution of the disk. 

No useful purpose would be served by a lengthy description of the 
different sensitometers based upon these general principles; instead, 
reference will be made to only one, the Eastman Sensitometer II-b, 
which is on of the best known and most widely used. 

The instrument is shown in detail in Fig. 233 which is a partial ver- 
tical section through the optical axis of the instrument. 

L represents the standard lamp which is the source of illumination. 
A selectively absorbing filter F is placed in the path of the light coming 
from the lamp in order to modify its spectral composition to the desired 
quality. A plane mirror M reflects the light at right angles, thus illu- 
minating the exposure plane EP in which the photographic material is 
placed. The rotating cylindrical shutter or drum D, having 21 expo- 
sure slots increasing in length by logarithmic steps from the shortest to 
the longest, controls the time factor of the exposure incident upon the 


Capy—A New Photographic Sensitometer. J. Opt. Soc. Amer. 29 (1939) 
470. 

Davis—Experimental Study of the Relation between Intermittent and Non- 
Intermittent Sector-Wheel Photographic Exposures. Bull. Bur. Stan. 
Scient. Papers 21 (1926) 95. 

Harpy—A Non-Intermittent Sensitometer. J. Opt. Soc. Amer. 10 (1925) 
149, 

Hicson—A Simple Non-Intermittent Sensitometer. Phot. J. 60 (1920) 


Jones—A Non-Intermittent Sensitometer. Phot. J. 60 (1920) 60. 
Raw ttnc—Exposure Mechanisms. Phot. J. 65 (1925) 64. 


Merrs AND SHEPPARD—Instruments for Sensitometric Investigation. Phot. 
J. 44 (1904) 200. (With excellent bibliography to that date.) 
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adjacent steps of the exposure scale. The exposure plane is equipped 
with suitable guides so that two strips of 35 mm. motion picture film 
may be placed in position and exposed simultaneously. A platen PL, 
when pulled down, serves to hold these strips accurately in the exposure 
plane during exposure. 


Fic. 233. Cross-Section of the Eastman IIb Sensitometer. 


The drum is driven at a constant angular velocity by a synchronous 
motor SM. Through a reduction gear G, the motor turns the drum 
at 12 r.p.m. when operating on a 60 cycle line, or at 10 r.p.m., on a 50 
cycle line. 

When the machine is started by throwing the master switch M/S, the 
drum revolves continuously. Exposures are made by means of the 
shutter S, operated by a one-turn mechanism. Upon pressure of the 
release button B, this shutter opens while the photographic material is 
protected from the exposing radiation by the opaque -portion of the 
drum, and closes as soon as the slots in the drum have passed the ex- 
posing plane. 

Developers and Development.—Since the effect of exposure he- 
comes apparent only after development, it is evident that the response 
of a photographic material is in part dependent upon the conditions of 
development which must be standardized if accurate and reproducible 
results are to be obtained. In establishing standards for developers and 
conditions of development, consideration will naturally be given to the 
purpose for which the work is done. Since it is well known that 
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many of the characteristics of an emulsion are profoundly modified by 
the constitution of the developer,® it is evident that, if the work is done 
to supply information on the characteristics of material for practical 
purposes, the standards adopted must be those of practical photography ; 
on the other hand, if the object is to study the inherent differences in 
emulsions, to enable the manufacturer to maintain a uniform product, 
or for the purpose of establishing a national or international standard 
reproducibility, color of image, freedom from fog, sensitivity to changes 
in bromide and similar considerations alone need to be taken into ac- 
count and these may result in the adoption of a developer and condi- 
tions of development quite different from those of practical photography. 

The developer characteristics desirable in a standard developer for 
sensitometric work are: 


1. The deposit should be neutral; i.e., non-selective absorbing. 

2. Freedom from fog in the absence of an alkaline bromide or other 
restrainer. 

3. Energy sufficiently high to produce good density, contrast, and 
speed. 

4. Relative insensitivity to an alkaline bromide so that the results will 
not be affected appreciably by the presence of free bromide in the 
emulsion. : 

5. Reproducibility; i.e., freedom from unordered variations in the 
purity of the substances employed and conditions affecting the activity 
of the solution. 

The Seventh International Congress of Photography recommended 
the following paraminophenol formula: ° 


p-aminophenol hydrochloride.................... 7.25 gm. 
Sodiumpsulfiten (amis) mee meee te ore eee SO gaan. 
Sodiumbrcarbonates (ainle) ease ieee rae eens 50 gm. 
Water totmake 2 trea pre rranth ce kee eer eae 1000 ce. 


because of the grey (non-selective absorption) deposit, freedom from 
fog and its relative insensitivity to alkaline bromide so that the results 


8 Clark, Phot. J. 65 (1925) 76. 
9 Sheppard and Trivelli, Proc. Seventh Int. Cong. of Phot. (1928) p. 174. 


Davis AnD NEELAND—Developers and Sensitivity. Bur. Stand. J. Res. 11 
(1933) 379. 

SHEPPARD—The Stability of pH of Standard Paraminophenol Developer. 
Proc. Ninth Int. Congress of Phot. Paris, 1935. Sci. et Ind. Phot. (11) 
6 (1935) 400. 
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are not materially affected by the presence of free bromide in the 
emulsion. 

The following formulas were suggested as standards by the Com- 
mittee on Standardization in the field of photography, American Stand- 
ards Association, but have not received final approval: ?° 


1 2 
Monomethylparaminophenol sulfate.. 2.0 gm. 8.8 gr. 2.0 gm. 8.8 gr. 
Soditumesuliitel (ane) enna dee ae 50.0 gm. 220.0 gr. 80.0gm. 350.0 gr. 
hydroquinone sas a 4.0 gm. SS eae 4.0 gm. 17.5 gr. 
Sodium carbonate (anh.)............ 6.0 gm. 26.2 gr. 4.0 gm. eS Kepee 
Potassmimeproni Gen ee ee e are | Oa Oro 3.0 gr. 0.5 gm. IRIN ee 
Air-free distilled water to........... 1.0 liter 10.0 0z. 1.0liter 10.0 oz. 


The first formula is recommended for roll film and film packs; the 
second for miniature camera films. 

In the development of material for sensitometric purposes, efficient 
agitation of the developer is highly important in order that the developer- 
reaction products may be removed from the immediate vicinity of the 
film and distributed in the solution to prevent non-uniform development. 

The methods developed to attain this end involve: 


1. In tanks: 

a. Mechanical rotation of the exposures in the developing solu- 
tion. It is difficult in this case to prevent directional develop- 
ment. 

b. Mechanical stirring of the developer. The difficulty with this 
procedure is to insure that all parts of the solution will re- 
ceive the same agitation. 


10 J. Opt. Soc. Amer. 31 (1941) 87. 


Biocu anp Horton—Mechanical Developing Appliance for Sensitometric 
Work. Phot. J. 68 (1928) 352. 

CLarK—Uniform Development. Phot. Tech. 2 (1940) Oct. p. 54. 

HarrisoN AND Dozsson—Note on the Uniform Development of Photo- 
graphic Plates. Phot. J. 65 (1925) 89. 

SHEPPARD AND Croucu—Machine for the Automatic Development of Sensi- 
tometric Strips. . Proc. Seventh Int. Congress of Phot. London 1928. 

SHEPPARD, LAMBERT AND ATKINS—Semi-Automatic Apparatus for the De- 
velopment of Sensitometer Strips. Phot. Ind. 34 (1936) 988. 

CRABTREE—Uniformity in Photographic Development. J. Soc. Mot. Pict. 
Bngs 25 (1935) 512. 

RussELL, JoNES AND BEAcHAM—Developing Machine for Sensitometry. 
J. Soc. Mot. Pict. Eng. 28 (1937) 73. 


400 


C. 


OOO PHOTOGRAPHIC SENSITOMETRY 


Plungers moving up and down near the surface of the film 
to create a rapid and highly uniform distribution of the de- 
veloper over the surface of the film. 


. Vacuum flask method. In this method the film strips are 


attached with rubber bands to a glass strip which is affixed 
to the stopper of a Dewar or vacuum flask (Thermos bottle) 
so as to suspend the strips in the developing solution. The 
flask is filled until about two-thirds full and the necessary agi- 
tation is obtained by (1) giving the flask an oscillatory mo- 
tion by tilting it from a vertical plane to an angle of about 
45° with the horizontal and back again to the opposite side, 
once each second, and (2) by revolving the flask about its 
axis once each 5 seconds. This method has been found to 
produce highly consistent results and has been recommended 
by both the British Standards Association *t and the Com- 
mittee on Standardization in the field of photography of the 
American Standards Association.’ The latter recommenda- 
tion has not received final approval. 


2. In trays: 


a. 


b. 


Hand rocking. ‘This is fairly satisfactory if vigorous and 
irregular. 

Mechanical rocking. Generally unsatisfactory as the action 
is too regular. 


. Roller charged with developer. The objection to this method 


is the rapid oxidation of the developer. 


. Brushing the surface of the film with a soft camel’s hair 


brush. This is probably the best so far as uniformity in 
development is concerned. 


The temperature of the developing solution affects not only the rate 
of development but to a certain extent the speed and possibly other 
characteristics of the emulsion. The effect is more marked with some 
developers than others, but necessitates in any case the maintenance of 
the required temperature as accurately as possible. 

Following development, the sensitometer exposures are rinsed in a 
stop bath of dilute acetic acid to prevent further development and then 


11 Phot. J. 80 (1940) 341. 


12 J, Opt. Soc. Amer. 31 (1941) 87. Amer. Phot. (1941) Feb. p. 81; Brit. J. 
Phot. 88 (1941) 153. 
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transferred to the fixing bath. No special precautions are necessary in 
fixing or washing, but as the density of a photographic deposit depends 
in part upon the rate at which it is dried, the strips are usually dried in 
a drying cabinet at a constant relative humidity or by means of alcohol. 
Alcohol, however, cannot be used for drying acetate film with safety 
because the base is attacked, nor should a solution containing more than 
80% industrial alcohol be used or the gelatin may be rendered milky. 

The Measurement of Density.—After exposure and develop- 
ment, the next step is to determine the response of the sensitive 
material to the different exposures. When a photographic material 
is exposed to light, or other form of radiant energy, some of the grains 
of silver halide are rendered developable, and upon development, these 
are reduced to metallic silver. It is evident, therefore, that the amount 
of silver produced by a given exposure and conditions of development 
is a measure of the response of the sensitive material. It is also 
obvious that ordinary analytical methods of analysis would not only be 
inconvenient but subject to large errors on account of the relatively 
small quantities of metallic silver involved. Furthermore, such de- 
terminations would not provide any real information on the optical 
properties of the developed image. The relationship existing between 
the amount of the photo-chemical product (silver) produced by a given 
exposure under fixed conditions of development and its light-absorbing 
and transmitting properties was first expressed quantitatively by Hurter 
and Driffield.” 

They defined as the opacity of the deposit the ratio of the incident 
to the emerging light; as transparency, the reciprocal of this, or the 
fraction of the incident light transmitted; and as density the logarithm 
of the opacity, or the negative logarithm of the transparency. Thus, 
in the case of a silver deposit transmitting one-half of the incident light, 
the transparency is 4, the opacity 2 and density the common logarithm 
of this or 0.3. 

Density, as thus defined, is proportional to the mass of silver per 
unit area, or D = pm, where D is the density, m the mass of silver and 
p a constant termed the photometric constant. ‘ 

The value of this constant varies to some extent with the developer 
and conditions of development.* 


13 Hurter and Driffield, J. Soc. Chem. Ind. 9 (1890) 455. 

14 Meidinger, Z. physik. Chem. 114 (1924) 89; Sheppard and Ballard, J. Frank- 
lin Inst. 205 (1928) 659; Phot. J. 66 (1926) 470; Eggert and Kuester, Kinotech- 
mk 18 (1936) 381. 
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Densitometers.—Photometers designed particularly for the meas- 
urement of photographic densities are termed densitometers. They 
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may be divided into two classes according to whether they measure the 
density directly or by comparison with a known density. All densitom- 
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Fic, 235. Path of Light Rays in the Martens Polarization Densitometer. 
eters are alike in that they provide means for reducing the intensity of 
a standard light in a known manner, to match with a similar beam of 
light which has passed through the density to be measured. 
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The intensity of the comparison light may be reduced in a known 
manner by several methods, as for instance (1) by varying the distance 
of the light, (2) by the use of adjustable rotating sectors, (3) by 
polarization and (4) by the use of absorbing material such as the 
optical wedges mentioned previously (Page 393). 

The densitometer employed by Hurter and Driffield in their classical 
investigations was an instrument of the first class; the well-known 
bench photometer is based on the law of inverse squares, in which two 
beams are brought together for comparison on a grease spot. Densi- 
tometers with rotating sectors were used by Abney and more recently 
by Jones. The most widely used in- 
struments, however, have been those 
employing polarization, and of these 
the most popular are the Huefner 
and the Martens. 

The construction of the Martens 
densitometer is shown in Fig. 235. 
One of the beams of light from an 
electric lamp placed at M proceeds, 
as shown by the arrow, to the totally 
reflecting prism g, whence it is re- 
flected through the negative p and is 
rendered convergent by the lens / 
passing through the aperture 7 into 
the actual photometer head. It then 
passes through the Wollaston prism 
W, and the bi-prism Z, then through 
the Nicol N and through the converg- 
ing lenses h and K to the eye placed 
at D, The other beam proceeds to the 
total reflecting prism /, thence Fre. 236. Eastman Densitometer, 
through the Wollaston prism, the bi- Open to Show Light Source and 
prism, the Nicol, and reaches the eye Rotating Circular Density Wedge. 
at D. Thus, there is produced at D 
two contiguous fields, one formed by the beam of light which has passed 
through the density; the other, the comparison beam. The intensity 


Davies AND OWEN—A Visual Photometer for the Measurements of Trans- 
mission and Reflection Densities. Phot. J. 75 (1935) 128. 

Frercuson—The Ferguson Density Meter No. V. Phot. J. 64 (1924) 30; 
Brit. J. Phot. 71 (1924) 19. 
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of the latter can be reduced by the rotation of the Nicol N and the 
densities determined from the angle of rotation required to produce 
equality in the two fields. 

Densitometers of class 4 employing caiibrated optical wedges are 
more properly termed density comparators, for their measurement of 
density consists simply in comparing it with a known density. A num- 
ber of densitometers of this type are available commercially ; 1° the best 
known in this country is the Eastman Densitometer (Fig. 236). 

Photoelectric Densitometers.—Early attempts to use photo- 
electric cells for the measurement of density were only partially suc- 
cessful, as the cells available were not sufficiently constant in their 
response-characteristics to enable densities to be measured with the 
required degree of precision. In several of the earlier experimental 
densitometers using photoelectric cells,'® the cell was subjected alter- 
nately to two beams of light, one of which had passed through the 
density to be measured, the other through a calibrated optical wedge. 
The measurement of the density consisted in adjusting the optical wedge 
so that the current passed by the cell remains the same, and the gal- 

15 The Sanger-Shepherd Density Meter, manufactured by the E. S. S. Color 
Filter Co., London; the Densitometer Filmograph, made by the Etablissements 
Filmograph, Montrouge, France; Hilger Densitometer, Adam Hilger; Goldberg 
Densograph, Schmidt and Haensch, Munich, 


16 Dobson, Proc. Roy. Soc. 104A (1923) 248. Toy and Rawling, Phot. J. 64 
(1924) 189, 


FrrRGUSON AND READ—A New Reflection Density Meter. Phot. J. 74 
(1934) 249. 

GoLpDBERG—The Densograph. Brit. J. Phot. 57 (1910) 649; Eder’s Jahr- 
buch, 24 (1910) 226. 

Herz—A Particularly Simple Photo-Electric Photometer. Z. wiss. Phot. 
37 (1938) 107. 

Jones—A Densitometer for the Measurement of High Photographic Densi- 
ties: J. Opt. Soc) Amer: 3 (1926 \a2a0" 

MeEEs AND SHEPHERD—The Sensitometry of Photographic Plates. Phot. J. 
44 (1904) 282 (with excellent bibliography). 

Morrison AND McFartaNE—Eastman Transmission and Reflection Densi- 
tometer. J. Opt. Soc. Amer. 25 (1935) 417. 

NeuMANN—A New Densitometer. J. Soc. Mot. Pict. Eng. 32 (1939) 572. 

SANGER-SHEPHERD—Density Meter. Brit. J. Phot. 58 (1911) 926. British 
Patent 23,429 of 1911. 

SweEEet—Physical Density Comparator. J. Opt. Soc. Amer. 28 (1938) 349. 

Toy and Rawtinc—Photo-electric Densitometer. Phot. J. 64 (1924) 189; 

: Jl. Scient: Instr. I (1924) 362. 

TuttLE—A_ Recording Physical Densitometer. J. Opt. Soc. Amer. 26 
(1936) 282. Phot. J. 76 (1936) 495. 
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vanometer needle shows no change, when the light from one beam is 
substituted for the other. With this procedure, the absolute value of 


Fic. 237. Photoelectric Densitometer. (National Photocolor Corportion, 
New York.) 


the photoelectric current is immaterial; it is used simply to indicate 
equality of illumination (photometric balance) and not directly as a 
light measuring device. 


A UNKNOWN DENSITY 


gE TO FILAMENTS 


¥ 


Fic. 238. Wiring Diagram of the Photoelectric Densitometer Shown in the 
Preceeding Figure. 


Several photoelectric densitometers have been introduced, designed 
primarily for the rapid and convenient measurement of the densities 
of three-color separation negatives for subtractive printing processes. 

One such instrument is shown in Fig. 237.17 This instrument em- 


17 National Photocolor Precision Densitometer, National Photocolor Corpora- 
tion, New York City. 
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ploys a double photoelectric cell balanced circuit and its operation is not 
affected by fluctuations in the line voltage. Light from a 50 watt lamp 
is divided by two mirrors so that one beam passes through a calibrated 
wedge and thence to a photoelectric cell while the other is directed 


Fic. 239. Diagram 
Showing How a Ray 
of Light is Scattered 
by the Silver Grains 
of the Image. It is 
clear that the amount 
of incident light trans- 
mitted will be greater 
if the scattered light, 
indicated by the short 
arrows, is included 
than if the direct light, 
indicated by the long 
arrow, alone is meas- 
ured. 


sity or only the direct, undeviated light. 


towards a second photoelectric cell located in 
the movable arm of the instrument. The light, 
photoelectric cells and wiring diagram are 
shown in Fig. 238. When the light striking 
each photoelectric cell is of the same intensity, 
the current through the photoelectric cells is 
likewise the same. These two cells are two 
arms of a Wheatstone bridge, and when these 
arms balance against the resistors which are the 
other arms of this bridge, the circuit is electri- 
cally in balance. The 78 tube is used as a D.C. 
amplifier, the output voltage of which actuates 
the control grid of the electronic indicator. 
This electronic indicator is biased in such a way 
that, when the electrical circuit is in balance, the 
indicator or “magic eye” will close. The value 
of the density is then read from the calibrated 
wedge. 

Optical Characteristics of the Photographic 
Image.—Certain factors affecting density values 
as determined by densitometric measurement will 
now be considered. 

In the first place, it may be noted that the 
photographic image consists of grains of metallic 
silver imbedded in gelatin. These not only ab- 
sorb light but scatter a portion of that which is 
transmitted. Therefore, if the deposit is illumi- 
nated by specular (parallel) light (Fig. 239), the 
amount of light transmitted, and therefore the 
density as determined by densitometric measure- 
ments, will depend upon whether this scattered 
light is included in the measurement of the den- 
The value of density as 


obtained with parallel light is termed D parallel or (D||) and that 
obtained when the scattered light is included is termed D diffuse, or 


(DX). 


The difference in the two values depends on the optical means 
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employed in measuring the two densities and the light-scattering prop- 
erties of the image, which in turn depends upon the emulsion and the 
manner of processing. 

The ratio of the diffuse to the specular density is frequently termed 
Callier’s factor after A. Callier 7* who was the first to investigate the 
scatter of light by photographic negatives. It is sometimes referred to 
as Q which was the symbol employed by Callier for D||/DX. 

In contact printing, both the scattered and undeviated light reach 
the positive material; hence, the effective density for contact printing 
is approximately equivalent to the diffuse density (D¥). In projec- 
tion printing, the lens is at some distance from the image and for this 
reason cannot collect and transmit all of the scattered light. It is 
evident, therefore, that in projection the effective density lies between 
D\| and D¥. While in general, it is closer to the latter than the former, 
for practical purposes it is usually sufficient to determine the diffuse 
density by the use of a diffused source of illumination secured by placing 
the density to be measured in contact with opal glass. 

If the silver deposit is free from selective absorption, the density 
values as measured visually are approximately equal to the effective 


18 Phot. J. 49 (1909) 200. 


Butt anp CartwrichHt—The Measurement of Photographic Density. 
Phot. J. 64 (1924) 180. 

BuLit AND CartwricHt—An Evaluation of the Light Scattered by Photo- 
graphic Densities. Phot. J. 65 (1925) 177. 

KOERNER AND TutTtLeE—Experimental Determination of Photographic Den- 
sity. Phot. J. 77 (1937) 444. 

ReENwicKkK—How Should the Densities of a Photographic Deposit be Meas- 
ured? Brit. J. Phot; 71 (1924) 65. 

Pirr—A Note on the Measurement of Specular Density. Phot. J. 78 
(1938) 486. 

SwreEet—Photographic Density Determined by the Contact Printing Method. 
Jee hota Soc. Amer. 7 (1941) 426. 

Tov—The Standardization of Photographic Density Measurements. Phot. 
Ooe( 1925), 164: 

Tutrte—Densitometry and Photographic Printing, Illumination of the 
Negative and Its Effect Upon Density. J. Opt. Soc. Amer. 24 (1934) 
he. 

TurtTLeE—Relation Between Diffuse and Specular Density. J. Opt. Soc. 
Amer. 12 (1926) 559. 

TurrLe—The Relation Between Diffuse and Specular Density. J. Soc. Mot. 
Pict. Eng. 20 (1933) 228. 

TuTTLE AND KorrNeER—The Standardization of Photographic Density. 


Phot. J. 78 (1938) 739. 
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printing density. This is generally true in the case of images developed 
in metol-hydroquinone, metol, paraminophenol or diaminophenol. In 
the case of pyro and other developing agents producing a stain image, 
the effective printing density is greater than the value obtained by visual 
measurement because of the difference in the spectral sensitivity of the 
eye and that of positive printing materials." 

Since an unexposed portion of a sensitometric strip has a ein 
density, termed the fog density, it is obvious that a certain fraction of 
cach density is due to fog. The density due to fog, however, is not the 
same in the exposed steps as in the unexposed portion of the sensi- 
tometric strip. The relation between the fog density and the total 
density is a complicated one, but in general it may be said that as the 
total density increases, the fog density becomes less and less. This is 
due to the fact that the by-products released in the development of the 
exposed silver halide restrain the development of fog. Hence, in the 
higher densities, the development of fog is restrained to a greater degree 
than in the lower. 

It is the density due to the exposure, and not the total density, which 
is the true measure of the response of the sensitive material ; obviously 
then measured densities should be corrected for fog. 

However, since the fog density is not the same for all densities, the 
necessary correction cannot be made by subtracting from each of a 
series of densities a uniform fog value as obtained from an unexposed 
portion of the strip. Despite the rather complex formulas devised for 
correcting measured densities for fog,?° it is usually sufficient to employ 
densities as measured, neglecting any addition due to fog if the fog 
value is reasonably low. 

The Density-Exposure Relation.—The relation between expo- 
sure and the response of the material, as shown by the density produced 
under given conditions of development, is usually presented in the form 
of a curve in which density is plotted against the logarithm of the ex- 
posure. Such a curve is shown in Fig. 240. As this method of ex- 
pressing sensitometric data was developed by Hurter and Driffield, it 
is frequently referred to as the H and D curve; it is also termed the 
characteristic curve, or the D log F curve. 

This curve may be divided into three parts, according to its slope or 
gradient: (1) The region of increasing gradient (toe), (2) the region 

19 Jones, Photographic Sensitometry, Eastman Kodak Co. 1935. 

20 Meidinger, Z. physik. Chem. 114 (1924) 89; Wilsey, Phot. J. 65 (1925) 454; 
Pritchard, Phot. J. 67 (1927) 447. 
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of constant gradient (linear), and (3) the region of decreasing gradient. 
With greatly prolonged exposures, the descending curve results in a 
positive image rather than a negative. This region is known as the 
region of reversal. 
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The region of constant gradient, or the straight-line portion of the 
curve, may also be defined as the period of proportional representation. 
Throughout this range of exposure, density is proportional to log ex- 
posure. Since density is proportional to log opacity (by definition) 
it is evident that the opacities within this range of exposures are propor- 
tional to the exposures which produced them. In other words, the 
opacities of the negative are proportional to the exposures produced by 
the corresponding brightnesses of the subject.** 


21 The equation of this curve may be represented approximately as a chemical 
reaction of the first order 
ON iat ON (Gl S12") 


where Ys is the value of y obtained if development is carried to completion, k 
the velocity constant of development, which depends on the developer and the 
temperature at which it is used, and ¢ is the time of development for a given 
gamma. 
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The straight line is sometimes, following the terminology of H and 
D, referred to as the period of correct exposure. It would be well, 
however, if this designation be discontinued for if, as is the case in 
practice, the period of correct exposure be defined as that portion of 
the D log E curve which may be used to produce a print possessing 
satisfactory tone reproduction, then the range in exposure available 
extends considerably beyond the limits of the straight line portion of 
the curve. 

There is no constant relationship between density and log F in 
either the region of increasing or decreasing gradient. In the former, 
the gradient and hence the density differences increase with log ex- 
posure; in the second case, the density differences decrease with log 
exposure (Fig. 240). The region of increasing gradient is frequently 
termed the period of underexposure. However, in view of the fact 
that a considerable portion of this region may be, and in practice is, 
used without producing results which are unsatisfactory from the 
standpoint of tone reproduction, this designation may be truthfully 
applied only to its lower extremity. 
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Fic. 241. The Gradient log # Curve. 


BarBerR—Device for Plotting Characteristic Curves. J. Sci. Instr. 17 
(1940) 95. 
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The period of reversal is reached only with greatly increased ex- 
posures on ordinary negative materials, and is without practical sig- 
nificance. 

The Gradient Log E Curve.—For some purposes, the variation 
in the gradient, or slope, of the D log E curve with log E is more use- 
ful than the usual D log E curve.2?, A D log E curve with its first 
derivative, in which gradient is plotted against log E, is shown in Fig. 
241. The data for this curve may be obtained in one of several ways. 
For example, the slope of the D log E curve at any particular point 
may be determined with fair precision by drawing a tangent to the 
curve at the point in question, and determining the slope, or gradient, 
of the tangent line. By repeating this procedure for a sufficient number 
of points, the necessary data may be obtained. A second method con- 
sists in taking a number of equally spaced points along the log EF axis 
and calculating the density difference for each log E interval.” 

Effect of the Degree of Development on the D Log E Curve.— 
Since, with increasing development, the densities increase proportionally, 
it is evident: (1) that the density differences increase with the time of 


Fic. 242. Diagram Illustrating the Effect of the Time of Development on the 
density relations. The two D log E curves differ only in the time of develop- 
ment. The three perpendicular lines represent equal increases in exposure. The 
points of intersection of the three perpendiculars and the D log E curves repre- 
sent the densities produced for the three exposures at the different times of 
development. ; 


22 Renwick, Phot. J. 61 (1921) 10. Jones and Russell, Phot. J. 75 (1935) 657. 
Jones, J. Franklin Inst. 227 (1939) 297. 

23 For other methods of calculating gradient values, see: Renwick, Phot. J. 77 
(1937) 6. Southworth, Brit. J. Phot. 85 (1938) 420. Turner, Brit. J. Phot. 85 
(1938) 447. 
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development, while (2) the density ratios remain unchanged, and (3) 
the gradient, or slope, of the straight-line portion of the D log E curve 
increases. See Fig. 242. The slope of the straight line portion of the 
D log E curve, or the tangent of the angle between it and the log E 
axis, being indicative of the’differences in density, is therefore also a 
measure of the degree of development or gama. 

Gamma is thus the ratio of the difference between any two densities 
on the straight-line portion of the D log E curve and the difference in 
the logarithms of the corresponding exposures, or 
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te Oe lon Ey 


When gamma is equal to 1.0, the density differences are proportional 
to the differences in the logarithms of the exposures which lie within the 
straight-line portion of the D log E curve. Ina camera exposure, these 
exposures are the direct result of differences in brightness; hence with 
development to a gamma of 1.0 the differences in density are propor- 
tional to the logarithm of the brightnesses of the corresponding parts 
of the subject. As density is the logarithm of the opacity, it follows 
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Vic. 243. Graphical Method of Calculating Gamma. (H and D Method.) 


that the ratio of the opacities is the same as that of the brightnesses 
which they represent. Development to a gamma of less than one results 
in the opacity differences being less than the brightness differences of 


MENDELssouN—A New Gammeter. Phot. J. 79 (1939) 90. 
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the subject, while with development to a gamma greater than one, the 
opacity differences are also greater. 

Calculation of Gamma.—To determine the value of gamma from 
the D log E curve using the formula 


i Dz — Dy, 
Lee log HL. — log Ey 


erect two perpendiculars from the exposure axis to the points of inter- 
section with the straight-line portion of the curve. Determine the 
densities at the points of intersection and substitute the density and 
log exposure value in the equation. 

If, in Fig. 243, a line is drawn from the exposure axis at a log E 
value of 3.0 parallel to the straight line portion of the D log E curve, 
the angles of both with the exposure 


axis will obviously be equal since the Ba 
lines are parallel. The tangents of the 18 
two angles are likewise equal and both 1.7 
are equal to gamma. Now, in the right 1.6 
angle triangle formed by the constructed 15 
line, the tangent of the angle is equal to es 
the altitude divided by the base. The ms 
base, however, is equal to 1.0, since the f 
difference in log units is 1.0. Conse- 10 
quently, if the right hand side of the 0.9 
chart is marked with a scale correspond- 0.8 
ing to the density scale on the left side, Oy 
the point of intersection of the con- ‘el 
structed line and the scale is equal to om 
gamma. 0.3 
In practice, gamma is usually deter- 0.2 
Out 


mined by means of a transparent scale 
known as a gammeter (Fig. 244). If 
. Fic. 244. Scales for the De- 

the arrow on the left side of the base cane 
‘ : : termination of Gamma. (Gam- 
line is placed on a point along the meter.) 
straight line portion of the DlogE 
curve, with the base of the gammeter parallel to the log E axis, the 
point of intersection of the straight-line portion of the curve and 
the scale indicates the gamma. 

Gamma and Contrast.—The term, gamma, is frequently used as 
an expression of contrast. This is the casé only under certain condi- 
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tions. The contrast of a negative is determined by three factors: ** 
(1) the contrast, or brightness range of the subject, (2) the exposure 
and (3) the degree of development, or gamma. 


Fic. 245. Diagram Showing How the Density Range of the Negative is In- 
creased by Development. If the vertical lines represent the minimum and maxi- 
mum exposures, then A and B indicate the corresponding density range of the 
image for the D log E curves shown. 


It is obvious that if a negative of a subject having a short brightness 
range, and another of a subject with an extended brightness range, are 
developed together, to the same gamma, the contrast of the second nega- 
tive will be greater than the first.?° 

Exposure is without effect on negative contrast throughout the expo- 
sure range within the straight-line portion of the D log FE curve, but 
if other portions are employed in the making of the negative, the con- 
trast is reduced (Fig. 246). 

Gamma represents relative contrast; i.e., relation of negative con- 
trast, or opacity range, to subject contrast, or brightness range, but only 
if the exposures are all within the period of proportional representation. 

The Time-Gamma Curve.—The relation between the time of 
development and gamma for a given photographic material, developer, 
and conditions of development can be determined by developing a 
number of sensitometer exposures for different times, determining the 

24Tf the subject is in color, the color sensitivity of the emulsion must be 
considered. 


25 Negative contrast in this case is defined as the difference in the minimum and 
maximum densities (opacities) of the image. 


ReNwick—An Instrument for the Measurement of Gamma. Phot. J. 54 
(1914) 163. . 
Wuite—Gamma by Least Squares. J. Soc. Mot. Pict. Eng. 18 (1932) 584. 
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value of gamma for each time of development and plotting gamma 
against the time of development. 

In Fig. 247, for example, are five D log E curves for a well-known 
film developed 2, 4, 6, 8 and 10 minutes. Plotting gamma against the 


A B 


Fic. 246. Diagram Showing How the Density Range of the Negative Varies 
with the Exposure. The exposure range of A is the same as that of B, but the 
density range corresponding to B is greater than that of A because of the portion 
of the D log E curve employed. 


corresponding times of development results in a time-gamma curve 
(Fig. 247). From this curve the time of development under the same 
conditions for any desired gamma is obtained by extending a line from 
the desired gamma, parallel with the time of development scale, to the 
point of intersection with the time-gamma curve. A line from this 
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Fic. 247. D log E Curves Showing the Variation with Increasing Times of 
Development and the Time-gamma Curve (upper left) Obtained by Plotting 
Gamma as a Function of the Time of development. 
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point, perpendicular to the base, cuts the time of development scale at 
the corresponding time of development. 

By reversing the procedure, the gamma produced by a given time of 
development may be found. 

It should be noted, however, that these values are without practical 
significance unless the conditions of development are exactly duplicated. 
Values obtained, for instance, from tray development cannot be directly 
applied to tank development, nor can results obtained with a fresh de- 
veloper at a given temperature be applied to a used developer, nor to 
another film. 


Gamma(Y) 
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Fic. 248. Time-gamma Curve Showing How the Processing Latitude 
is Calculated. 


The variation in the time of development possible for a given toler- 
ance in gamma is termed the processing latitude. If, for example, a 
gamma of 0.5 must be maintained within a tolerance of plus or minus 
0.04, the permissible variation in the time of development may be found 
by drawing lines from the two gamma values, namely 0.46 and 0.54 
(Fig. 248), to their intersection with the time-gamma curve and drop- 
ping perpendiculars from these points of intersection to the time of 
development scale. For any given conditions of film and developer, the 
processing latitude increases with the degree of development, or gamma. 
Processing latitude is a very important characteristic when sensitive 
materials must be developed to certain prescribed gammas, as in the 
processing of motion picture sound records. 

Gamma Infinity.—The highest gamma obtainable with any given 
material is termed gamma infinity (y«). The value of gamma infinity 
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depends chiefly upon the sensitive material,** and to a lesser degree upon 
the composition of the developer. Emulsions designed for portrait 
work have a low gamma infinity as a high degree of contrast is not 
required in portrait work, in fact, would be a disadvantage. In com- 
mercial, landscape and general exterior work, greater contrast is re- 
quired and sensitive materials for these purposes attain higher values 
of gamma infinity than those made for portrait work. The greatest 
contrast of all is secured with emulsions of the process type as used for 
copying line work in black and white where absolutely clear lines to- 
gether with a field of the greatest possible opacity are required. Typical 
values for maximum gamma : 


EMichwspeedaportnalten (imeem cree eter enertee 18} 
Pies peedepresswillina sm waveeteriames cies nate setae 1.8 
Commercialepanchromatic mlmeen seen lie nie oe LO 
Hines erainmpanchrotaaticn nlm sepeeee aren ae 1.6 
PrOCE SSID Meters toteve cxevereieicve res obate arta ra deters clea ens 3.0 
Photomtithottilintenncec sss snsae et creer tern e 5.0 


Gamma infinity may be determined experimentally, but as it involves 
the measurement of very high densities which are affected by the fog, 
the process is subject to large experimental errors and gamma infinity is 
generally determined by calculation. 

With two sensitometric strips, the time of development being in the 
ratiovots |: 2 

pete (yn) nee 
oe (271) — v2 

“6 Relation between Yx, Y and emulsion speed. The relation between Yo and 
H and D speed was found by Southworth to be expressed by the equation 

log Yo = log a— b log S$ 


where a and b are constants for emulsions of the same type. Therefore, 
a 
Yo = = = a5 — 0. 
‘Sb 


a and probably b is higher for panchromatic material. Brit. J. Phot. 84 (1937) 
oll. 

Trivelli and Smith found that an exponential relationship holds not only for 
ye but for any fixed developing time. yS? =a. a increases and the exponent b 
decreases with increasing times of developments. Brit. J. Phot. 85 (1938) 307. 


MerEs AND SHEPPARD—On the Highest Development Factor Obtainable 
on any Plate. Phot. J. 43 (1903) 199. 

ReENwick—An Improved Method of Computing the Velocity Constant and 
Gamma Infinity. Phot. J 63 (1923) 331. 

Toy anp Hicson—Factors Determining Gamma Infinity. Phot. J. 63 
(1923) 68. 
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The Measurement of Sensitivity or Speed—The measurement 
of sensitivity, or speed, is a very important part of sensitometry ; in fact, 
some methods of sensitometry are concerned wholly with the measure- 
ment of this characteristic. Four criteria have been used to measure 
the sensitivity of photographic materials: 


1. The exposure required to produce the least perceptible density. 
(Threshold value.) 

2. The exposure required to produce a certain density. (DIN and 
Weston methods.) 

3. The exposure obtained by the projection of the straight-line por- 
tion of the D-log E curve to the log E axis. (The inertia of Hurter 
and Driffield.) 

4. The exposure at the point on the D-log E curve representing the 
minimum useful density difference. (The minimum gradient method 
of Jones, Russell and others.) 

Methods of Speed Determination Based on Threshold Values.— 
The threshold value may be defined as the exposure required to produce 
the first visible density under given viewing conditions as, for example, 
when the sensitometric test strip is placed emulsion side down on a sheet 
of white paper. The principal methods of speed determination based 
on threshold values are (1) the Scheiner, (2) the Eder-Hecht, (3) the 
Warnerke, and (4) the Chapman-Jones. The last two are of his- 
torical interest only and the second is limited to Germany and German 
speaking countries. 

The best known method of measurement based upon threshold values 
is that due to Scheiner (1894). The Scheiner number was obtained 
originally by exposing the sensitive material in a rotating disk sensi- 
tometer, having an exposure range of 1 to 100 divided into 20 equal 
steps numbered from 1 to 20, developing under certain prescribed 
conditions, and expressing speed by the number of the step producing 
the threshold density. The ratio of exposures between consecutive 


Davis AND NEELAND—Experimental Study of Several Methods of Repre- 
senting Photographic Sensitivity. Bur. Stand. J. Res. 7 (1931) 495. 

Davis AND NEELAND—Methods of Denoting Sensitivity. J. Opt. Soc. 
Amer. 21 (1931) 416. 

FoRMSTECHER—Proposals for a Practical Index of Speed. Phot. Ind. 
(1926) 1146. 

LutHEer—Interpretation of the Characteristic Curve. Phot. J. 65 (1925) 
185. 

THORNE-BaKER—Interpretation of the Characteristic Curve. Phot. J. 65 


(1925) 181. 
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steps on the Scheiner sensitometer is as 1: 1.27; hence, the relative 
speed as represented by any given Scheiner number is 1.27 greater than 
the next lower. 

In time, various modifications were made in the original method so 
that no reliance could be placed in the Scheiner speed number and in 
1931 it was officially superseded in Germany, the land of its origin, by 
the DIN method. 

The Eder-Hecht method employs a special sensitometer tablet in 
which the density increases continuously rather than in steps. Lines 
are ruled across the tablet and numbered so that after the sensitive 
material has been exposed either to the light of a lamp burning amyl 
acetate or to burning magnesium, developed and laid emulsion side in 
contact with white paper, the highest number visible is taken as a meas- 
ure of the speed of the sensitive material. 

The Warnerke sensitometer consisted of an exposure tablet containing 
25 numbered squares of pigmented gelatin, each having a density one- 
third greater than the preceding, so that an increase of three numbers 
on the tablet represented a decrease in light intensity of 50%. The 
plate to be tested was exposed behind this tablet to the light from a 
phosphorescent tablet which formed a part of the apparatus. The 
speed of the sensitive material was expressed in terms of the highest 
number which could be read, the number on the image being in white 
on a faint gray square. 

The Chapman Jones method was essentially the same as the Warnerke 
except for minor differences in the step tablet and the substitution of a 
standard candle for the phosphorescent tablet of Warnerke. 

There are several objections to the use of the threshold exposure as 
a means of evaluating the speed of a sensitive material. In the first 
place, the threshold exposure is not a constant, but depends upon the 
conditions under which the developed sensitometer strip is examined 
and the conditions of development.?* 

Much more serious, however, is the fact that the threshold exposure 
is not a true index of the speed of a photographic material. From the 
standpoint of practice, the speed of a sensitive material is measured, 
not by the exposure required to produce a trace of an image, but by 
that required to produce an image whose density differences more or 
less satisfactorily represent the brightness differences of the subject 
photographed. As there is no fixed relationship between the threshold 
exposure and that required for satisfactory rendering of the gradations 


27 Bullock, Sci. et Ind. Phot. (1926) 33; (1927) 5; (1929) 24, 
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of the subject, the threshold exposure is not an adequate means of 
measuring the effective speed of a photographic material. 

Methods of Speed Determination (Based Upon the Exposure 
Producing a Given Density—Other than Threshold Density).— 
In some fields of applied photography where the reproduction of tone 
differences by the sensitive material is not involved, as for example, 
in spectrography and astronomy, the exposure required to produce the 
necessary density with given conditions of development is an adequate 
measure of the practical speed of the film or plate. In the mapping 
of stellar spectra, for example, a density of 0.6 is adequate for the 
detection and measurement of the absorption lines. The sensitivity of 
a film or plate under such conditions would be inversely proportional to 
the exposure in meter-candle seconds to light of the accepted color 
temperature which will produce a density of 0.6 when developed to a 
standard gamma in a particular developer. 

Obviously speed values determined in this manner are open to the 
same objections as the threshold value, where the reproduction of 
brightness differences by the photographic material is the primary con- 
sideration in the evaluation of its effective speed. | 

The principal method of speed determination based upon the exposure 
required to produce a particular density, which is above the threshold 
density, is the Deutsche Industrial Normal, or DIN System, in which a 
density 0.1 greater than the fog density is used and the Weston numbers 
which are derived from the exposure producing a density equal to gamma. 

In 1931, the manufacturers of photographic materials in Germany 
adopted a method of determining speed which is termed the DIN 
method ; the letters DIN being “Deutsche Industrie Norm,” or German 
Industrial Standard. 

In this method, the sensitive material is exposed in a special sensi- 
tometer employing an intensity scale of thirty steps, ranging in density 
from O to 3.0, the density increment of each step being 0.1. The light 
source is a standardized 40 watt incandescent lamp which is used with a 
filter to produce a daylight standard. The exposure of 1/20 second 
is made by means of a drop shutter. 

After exposure, the sensitometer strip is developed in a specified 
metol-hydroquinone developer. In view of the fact that there is no 
prescribed time of development, the time for any particular sensitive 
material is determined after preliminary tests have revealed the develop- 
ment time which results in optimum rendering of the lower densities. 

The speed of the material is determined from the step having a 
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density of 0.1 greater than fog, rather than the lowest perceptible den- 
sity as in the threshold method.- This particular step is found by meas- 
uring the densities in a special comparison densitometer in which one 
of the comparison beams passes through the fog strip and the other, the 
exposed portion of the sensitometric strip. A supplementary density 
of 0.1 is placed in the comparison beam which passes through the fog 
density so that it is increased automatically by 0.1. When the photo- 
metric field is uniformly illuminated, the density of the exposed area is 
thus 0.1 greater than fog. The density of the corresponding step on 
the sensitometer step wedge is then determined. This density multi- 
plied by 10 constitutes the DIN speed. 

DIN speed numbers are, therefore, inversely proportional to the 
common logarithm of the required exposure, and an increase of three 
units in the speed number is equivalent to a speed ratio of 1:2. 

The DIN method has been rather seriously criticized in other coun- 
tries, particularly the specifications relating to development. These, it 
is argued, are not comparable to those employed in practice. The 
specifications for development result, with some materials, in a degree 
of development in excess of that which would be given in practice. 
This would not be a serious matter if the ratio of the speed for the 
so-termed “Optimum Development” to that at normal development 
were the same for all materials. Experimental evidence available at 
the present time indicates that there is a fairly constant ratio for ordi- 
nary roll film, but that considerable variation exists with other types of 
sensitive material. In this case, it would be possible for two materials 
having the same DIN speed number to show considerable differences in 
effective speed when developed to the same degree of contrast. How- 
ever, it is not possible to express the speed in terms of contrast (or 
gamma) since there are certain sensitive materials which increase con- 
siderably in speed as development progresses, but, beyond a certain 
point, show only slight increase in contrast.?® 

28 Ferguson, Brit. J. Phot. 81 (1934) 380; “International Standardization of 
Speed Numbers,” Brit. J. Phot. 82 (1935) 483; Jones, Photographic Sensitometry, 
p. 63; Jacobsen, American Annual of Photography, 1937; Clark, American Annual 
of Photography, 1937. 


Hansen—Relation between Scheiner and DIN Sensitivities. Brit. J. Phot. 
82 (1935) 131. 

Bittz aNd Eccert—Connection between DIN and Scheiner Values. Phot. 
Ind. 32 (1934) 1296. 

LutHErR—The Sensitometric Method “DIN 4512.” Proc. Ninth Int. Con- 
gress of Phot. Paris, 1935, Sci. et Ind. Phot. (II) 6 (1935) 260. 
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Weston Speeds.—Weston speeds are designed primarily for use 
with the Weston exposure meter and are designed to indicate not so 
much the minimum exposure which will produce a satisfactory negative, 
but an exposure which will provide the greatest tolerance in exposure 
to compensate for variations in shutter speed, color of subject, color of 
light and other factors which affect exposure. The Weston speeds pub- 
lished are based upon tests of films and plates on the market made 
periodically in the sensitometric laboratories of the Company. 

The exposures are made on an Eastman Sensitometer, type IIb (see 
Page 396) and developed in the formula recommended by the manufac- 
turer to stated gammas. The D log E curve is then plotted and the 
Weston speed determined from the formula 


Speed = a 
where EF is the exposure for a density =y. 

H and D Speeds.—When the straight line portion of the charac- 
teristic curve is extended to intersect the log E base, an exposure is 
indicated which was termed by Hurter and Driffield the imertia. The 
inertia is an inverse measure of speed so that a material of high speed 
has a low inertia and vice-versa. It is necessary, therefore, to take 
the reciprocal of the inertia in order to obtain numbers which are 
directly proportional to the speed of the sensitive material. However, 
since the reciprocal of the inertia is in some cases less than unity, it is 
customary to multiply the reciprocal by a constant so as to obtain more 
convenient numbers. Present American practice is to multiply the 
reciprocal value by 10. The H and D speed in this case is represented 
by 

ae) 
~ Inertia 


Hurter and Driffield used a factor of 34 and still other values have been 
employed.”® 

The inertia was selected by Hurter and Driffield as a means of ex- 
pressing speed because, with the photographic materials then available 
(1890), it was a characteristic of the material which was not affected by 
variation in the time of development (provided the developing solution 
does not contain a soluble bromide) ; the developing agent (except for 
a few agents of low reduction potential) ; or the composition of the 


29 For the origin of the factor of 34, see Ferguson, Phot. J. 66 (1926) 514. 
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developing solution. If a bromide is added to the developer, or if the 
emulsion contains free bromide (the vast majority of negative emulsions 
now contain free bromide), the inertia is not constant for different 
times of development, but shifts to the left as the degree of develop- 
ment of gamma increases (Fig. 208). It is obvious that under these 
conditions, the speed of the material, as determined from the inertia, 
varies with the degree of development and that for each time of de- 
velopment, or gamma, there is a corresponding H and D speed. 

Still other complications arise in expressing the speed of photographic 
materials by the inertia. In some cases, the material does not produce 
a satisfactory straight-line relationship between density and log ex- 
posure, or there may be two more or less well defined straight-line 
portions. In such cases, it is difficult to find the true inertia. There 
is likewise a wide divergence in the shape and position of the curve 
with different times of development, pecially among materials of 
high sensitivity. 

Finally speed, as determined from the inertia, ignores the toe portion 
of the D log E curve. However, the development of photographic 
materials, with an extended toe portion, has brought about the very 
general use of some of this portion of the curve in practical photog- 
raphy. Experience has shown that, within certain limits, it is possi- 
ble to do this and still obtain acceptable, if not strictly accurate, tone 
reproduction. Under such conditions, the inertia does not represent 
the effective speed of the material. 

Methods of Determining Speed Based Upon the Limiting Gradi- 
ent.—The scientific investigator and the practical photographer 
do not regard the problem of measuring and expressing numerically 
the sensitivity of a photographic material from the same point of view. 
The former is concerned with the means of determining and expressing 
sensitivity from the relation between the radiant energy incident on the 
photographic material and its response to that energy after develop- 
ment. The practical photographer, on the other hand, evaluates sensi- 
tivity in terms of the exposure required to produce a negative from 
which, after having been properly developed, a satisfactory print can 
be made on his chosen paper. By a satisfactory print is meant one 


BAKER—Interpretation of the Characteristic Curves” Phot> J. 65: (1925) 
181. 

Brocu—Interpretation of Results. . Phot. J. 65 (1925) 186. 

Davis AND NEELAND—Variation of Photographic Sensitivity with Develop- 
ment Time. J. Soc. Mot. Pict. Eng. 18 (1932) 742. 
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in which the brightness differences constituting the image form a 
satisfactory reproduction of the subject represented. In other words, 
the speed of a photographic material, from the standpoint of the 
practicing photographer, is determined by the exposure required to 
reproduce the brightness differences of the subject, by differences in 
negative density which will result in a satisfactory rendering of the 
subject in the print. From which it should be evident that any rela- 
tionship between exposure and a particular density is unimportant ; 
it is the exposure required to reproduce brightness differences which is 
important and this information is obtainable only from the slope, or 
gradient, of the D log FE curve. 
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Tic. 249. Determination of Sensitivity from the Minimum Useful Gradient 
(Kodak Method). The gradient of the D log E curve at M is 0.3 of the average 
gradient between M and O representing a log exposure range of 1.5. 


The point on the D log E curve at which the density differences, or 
the gradient, is just sufficient to produce satisfactory tone reproduction 
in the print is the limiting, or the nunimum useful, negative gradient. 

Methods of arriving at a measure of speed, or sensitivity from the 
exposure required to produce some particular gradient, have been dis- 
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cussed and advocated for several years *° and the Eastman Kodak 
Company has since 1939 published speed values for its negative ma- 
terials based upon a method developed in its laboratories for measuring 
effective camera speed in terms of the limiting gradient.*! 

The Kodak Limiting Gradient Method.—Sensitivity, as ex- 
pressed by the Kodak limiting gradient method, is defined as the 
reciprocal of the exposure at that point on the D log E curve at which 
the gradient is equal to 0.3 of the average gradient for a log exposure 
range of 1.5. (Fig. 249.) 

This method of determining speed was developed from a correlation 
of the sensitometric characteristics of a number of typical negative 
materials and the camera exposures required to produce a satisfactory 
print. This last was determined statistically. A series of test nega- 
tives were made, with accurately measured exposures, of a positive 
transparency having a brightness range of 1:30 which was regarded 
as approximating that of the average subject. An accurate intensity 
scale was placed alongside the positive transparency. The exposures 
for this series of test negatives varied from extreme underexposure to 
a very full exposure. These negatives were developed to the recom- 
mended gammas and printed on the paper producing the best results. 
Finally, the prints were studied carefully by 200 selected examiners, 
who ‘classified the prints as (1) bad, (2) acceptable, (3) excellent 
reproduction of the original subject. The minimum negative exposure ' 
producing prints which were rated excellent by the majority of the 
examiners was taken as an indication of the effective speed of that 
particular sensitive material. This exposure, when located on the D 
log E curve of the sensitive material, was found to correspond with the 
exposure at which the gradient is 3/10 of the average gradient for a 
log exposure range of 1.5 (brightness range 1: 30).*° 

Determination of the Limiting Gradient—vThe determination 
of the abscissa of a point on the characteristic curve at which the 
gradient is a specified fraction of an average slope may, of course, be 
made without the aid of instruments other than the standard instru- 


30 Luther, Phot. J. 49 (1925) 185. Jones and Russell, J. Opt. Soc. Amer. 25 
(1935) 396. Luther, Sci. et Ind. Phot. 4 (1924) 1. Lapeyre, Bull. Soc. franc. 
(3) 16 (1929) 10, 28. Romer, Sci. et Ind. Phot. (2) 7 (1936) 117. 

31 Jones, J. Franklin Inst. 227 (1939) 297, 497. 

32 For a critical comparison of this and other methods of expressing the speed 
of negative materials, see Jones and Nelson, J. Opt. Soc. Amer. 30 (1940) 93. 
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ments of sensitometry. Given the characteristic curve 4 in Fig. 250, 
a gradient, or first derivative, curve, B, is plotted. A point, a, is se- 
lected on the D log E curve and a’ established so that log Ea’ — Ea = 
1.50. The slope of this line, which is the average gradient of the curve 
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Fic. 250. Method of Determining the Point of the D log E Curve at which the 
Gradient is a Specified Fraction of the Average Gradient. 


between a’ and a, is then plotted on the gradient scale at the left of the 
chart. The gradients of b, b’; c, c’; etc. are determined and plotted and 
curve C drawn through the plotted points. Curve C is therefore the 
average gradient for log E intervals of 1.50 plotted against the mini- 
mum log E value of each interval. The ordinates of curve B are then 
multiplied by 1/K, K being the detail compression factor (0.30) and 
plotted on the same scale to obtain curve D. A perpendicular from the 
intersection point of curves C and D to curve A locates the point on the 
D log E curve at which the gradient is 0.3 of the average for a log E 
range of 1.50. 

The drawing of the curves B and C is a rather laborious process and 
a very useful shortcut is provided by the semi-automatic gradient ratio- 
reading device which has been developed by Mr. C. N. Nelson of the 
Kodak Laboratories. 
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This gradient speed meter is composed of two parts as shown in 
Fig. 251. Part I is a rectangular transparent plastic sheet upon which 
are inscribed two parallel lines CD and EF. These lines are separated 
by a distance which is equivalent to a log E value of 1.5 on the char- 
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Fic. 251. Fractional,Gradient Reader. 


acteristic curve which is to be analyzed. Part I also carries a small 
round hole at P which marks the pivot point for a transparent movable 
arm in Part II. P is located 0.4 log E from CD. The arm has in- 
scribed on it the straight line AB and the curved line GH, and it is 
punched with the hole P. The point G is spaced 1.9 in log E units 
from the point P as shown in Fig. 251. The shape and position of the 
curve GH on the movable arm is completely determined by the position 
of the pivot point P and by the requirement that the minimum gradient 
which is the slope of the line 4B must be equal to 0.3 times average 
gradient. The curve GH theoretically extends to infinity. The an- 
alytical expression defining it is complicated and of no practical use. 
However, over its normal working range, GH is to a very high degree 


428 oe PHOTOGRAPHIC SENSITOMETRY 


of accuracy the arc of a circle having a radius of 1.6 in density or log E 
units. When the device is assembled, Part II is fastened to Part I by 
a rivet through the hole P and is free to rotate about this point. 

In use, the meter is placed on the H and D graph with the lines CD 
and EF parallel to the density axis. (See Fig. 251.) The meter is 
set with respect to the graph to a position at which the lines EF, GH 
and the H and D curve intersect at a common point while simultaneously 
the lines AB and CD intersect at another point on the toe of the curve. 
The meter parts are kept in an orientation such that these lines always 
intersect, while the device as a whole is slid along the characteristic 
curve. At some point on the curve, it will be noted that the line AB 
becomes tangent to the characteristic curve. 

The characteristic curve at the point of tangency then has a gradient 
which is equal to 0.3 times the average gradient over the 1.5 log E 
interval. The point of tangency can usually be located after two or 
three trials requiring only a few seconds, and the speed of the emulsion, 
is, of course, quickly determined by the abscissa value of this point.** ** 

Latitude.—The range of exposure within which the gradient of 
the D log E curve is constant, that is the straight-line portion is also 
termed the Jatitude of a sensitive material. 


33 This method, together with direct visual photometric methods, is described 
in a paper by Clifton Tuttle, J. Opt. Soc. Amer. 29 (1939) 267. 

34 The committee on standardization in the field of photography, American 
Standards Association, has recommended that speed be determined from the expo- 
sure at which the gradient on the D log E curve is 0.3 of the average gradient for 
a log E range of 1.5, this average gradient being 0.7 in the case of roll film and 
film packs, and 0.6 with 35 mm. and other muniature camera films. J. Opt. Soc. 
Amer. 31 (1941) 87. 


Jones—Photographic Film Speeds as Evaluated in Terms of Print Quality. 
Brit. J. Phot. 87 (1940) 206, 217, 228, 241, 251, 263. 

Jones AND Netson—A Study of Various Sensitometric Criteria of Nega- 
tive Film Speeds. J. Opt. Soc. Amer. 30 (1940) 93; Phot. J. 80 
(1940) 152. 

Jones AND RussELL—Minimum Useful Gradient as a Criterion of Speed. 
Ninth Int. Congress of Phot., Paris, 1935. Sci. et Ind. Phot. (II) 6 
(1935 132550 Phot..)2 7501935 i057, 

JonES AND RussELL—Minimum Useful Gradient as a Criterion of Photo- 
graphic Speed. Phot. J. 75 (1935) 657. 

Romer, MarkockI AND BreERNAT—Numerical Expression of Speed Based 
on Relative Minimum Gradients. Proc. Ninth Int. Congress of Phot. 
Paris 1935. Sci. et Ind. Phot. (II) 6 (1935) 265. 

MENDELSSOHN—The Recognition of Detail in the Negative. Phot. Korr. 
73 (1937) 166. 
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The latitude of a sensitive material, which should not be confused 
with latitude in exposure, is defined as the difference in exposure units 
over which correct proportional representation is obtained, i.e., the 
straight-line portion of the D log E curve. 

The latitude of a sensitive material is not a constant of the emulsion 
but varies with the degree of development, or gamma. As the latter 
increases, the projection of the straight-line portion of the D log E 
curve on the exposure axis decreases (Fig. 252) and consequently the 
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Fic. 252. D log E Curves Showing How Latitude Decreases with Gamma. 


latitude becomes less. Likewise, sensitive materials normally used at a 
high gamma, such as positive or process films, have a short exposure 
scale, or latitude. 

The useful exposure range of a sensitive material is usually greater 
than its latitude, as, generally speaking, it is possible to use portions of 
the curve at both extremities of the straight line portion without loss 
of quality in tone reproduction. 

The useful exposure range is a very important characteristic of a 
photographic material, as it indicates the range of brightnesses which 
can be acceptably recorded in the negative and hence, in a large measure, 
the purposes for which the film or plate is suitable. Fortunately, it is 
greater than the range of brightnesses in the vast majority of the 
subjects photographed. Exceptions, of course, occur, but in general 
the range of brightnesses in ordinary subjects is about 1-30, or less, 
and only in exceptional cases does it exceed 1-100, while the exposure 
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scale of a good negative material is usually not less than 1-200 and is 
frequently considerably more. The exposure scale of positive materials 
is much less and in general the higher the gamma to which the material 
is ordinarily developed, the lower is its latitude. 

The greater the useful exposure range of a sensitive material, the 
greater is its tolerance in exposure. For any given photographic ma- 
terial, the greater the range of brightnesses in the subject, the less the 
tolerance in exposure. 


SENSITOMETRY OF PHOTOGRAPHIC PRINTING PAPERS 


The sensitometric methods employed, in determining the characteris- 
tics of photographic printing papers are, in general, similar to those 
used in the study of negative materials. There are, however, some 
rather important differences. Owing to the failure of the reciprocity 
law, sensitometers employing an intensity scale are much to be preferred 
to time-scale instruments.®® Indeed the use of sensitometers of the 
type commonly employed for negative materials can lead to results 
which are not in any way comparable with those obtained in practice 
in which positive materials are invariably exposed to an intensity scale. 
Furthermore, since the exposure range of papers is less than that of 
most negative materials, the exposure difference for successive steps 
should be less than in an instrument designed for use with negative 
materials. The exposure increment of sensitometers designed for 
papers should not exceed ¥2, while an exposure difference of V2 is 
preferable. The light source should be of sufficient intensity to permit 
of exposures of the same order as those commonly applying to the 
practical usage of the material being investigated. 

In the case of papers obviously, it is the light reflectance of the silver 
deposit (the reflection density) rather than the light transmitted (trans- 
mission density) which is of importance. Measurements of the amount 
of light reflected from a density are made in specially designed densitom- 
eters in which the area to be measured is illuminated by diffuse light so 
that any specular reflection is thrown to one side and only the diffusely 
reflected light is included in the measurements. The instrument shown 
in Fig. 253 is suitable for the measurement of the reflection densities of 
a paper as well as the transmission densities of a negative. The use of 
densitometers employing polarization for the measurement of reflection 


85 An intensity scale sensitometer, employing a stepped diagram and a cylindrical 
lens, for the exposing of printing papers, has been described by Jones and Mor- 
rison, J. Franklin Inst. 228 (1939) 445, 605, 755. 
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densities is open to question, since the light reflected from the paper 
may, under certain conditions, be polarized and this would lead to 
serious errors in measurement.*® 


Fic. 253. Eastman Reflection and Transmission Densitometer. 


The reflection density, unlike the transmission density, is not directly 
proportional to the mass of silver per unit of area, but depends upon 
(1) the surface reflection, (2) the reflectance of the paper stock and 
(3) the mass of silver. It may be expressed as 


Dia log és ? 

where J is the intensity of the light reflected from the paper base free of 
an image, i.e., fixed out without exposure or development, and FR the 
intensity of light reflected from the deposit after a given exposure and 
development. 

The D Log E Curve of Developing-Out Papers.—When a de- 
veloping paper is exposed in a suitable sensitometer, developed and the 

86 A modified form of the Bechstein illuminometer, designed especially for 


measuring paper densities, has been described by Jones and Morrison, J. Franklin 
Inst. 228 (1939) 445, 605, 755. 


JoNnES AND MorrisoN—Sensitometry of Photographic Papers. J. Franklin 
Inst. 228 (1939) 445, 605, 755. 

Urspacu—Studies on the Characteristic Curve of Photographic Papers. J. 
Opt. Soc. Amer. 31 (1941) 581. 


432 oo PHOTOGRAPHIC SENSITOMETRY 


reflection densities plotted against the logarithm of the exposures, the 
D log E curve is found to be similar to that of negative materials (Fig. 
254). There are, however, some differences of importance. The por- 
tion of the curve approximating a straight line is less, the gradient or 
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Fic. 254. D log E Curves of a Silver Chloride Contact Paper on (4) Glossy 
Paper (B) Semi-matt Paper and (C) Matt Paper, Showing Effect of Paper 
Surface on Maximum Density and Density Range. 


slope of this portion of the curve is, in general, quite steep, the exposure 
range also is relatively short and the maximum density is comparatively 
low. This is due to the fact that with papers we are dealing with a 
smaller mass of silver and that there are three surfaces from which 
the light is reflected: (1) the gelatin surface, (2) the silver deposit 
and (3) the paper base beneath the silver deposit. The maximum 
density, therefore, is limited by the amount of light reflected from the 
surface and is seldom greater than 1.5 to 1.8, even on glossy papers. 
On matt papers, it is much less, ranging from 1.1 to 1.3 (Fig. 254). 
The difference in the amount of light reflected from the base of the 
paper and that reflected from the maximum black which the emulsion 
will produce, constitutes the brightness range of the paper. Since 
D =log 1/R the density range is the logarithm of the brightness range. 
Effect of Variation in the Time of Development on the D Log E 
Curve of a Photographic Paper.—As with negative materials, the 
shape of the curve depends partly upon the developing time. In 
Fig. 255 *? are shown characteristic curves for a typical silver chloride 


37 Jones and Morrison, J. ’ranklin Inst. 228 (1939) 445, 605, 755. 


D LOG E CURVE OF A PHOTOGRAPHIC PAPER oo® 433 


contact printing paper for developing times ranging from 16 to 280 
seconds, It will be observed that the increase in the gradient of the 
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Tic. 255. D log E Curves Showing Change in the Shape of the Curve with 
Developing Time for a Silver Chloride Contact Paper. 


straight-line portion (gamma) with increased development is slight and 
that, except for the very shortest developing time, the principal result 
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Itc. 256. D log E Curves Showing Change in Shape of the Curve with De- 
veloping Time for a Chlorobromide Paper. 


0.0 


of extending development is to shift the entire curve towards the left. 
Chloro-bromide and bromide papers behave somewhat differently (Fig. 
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256), the last mentioned more closely resembling a negative emulsion in 
its behavior. With developing papers, it is necessary to develop to the 
point at which a stable curve shape is reached, if the maximum density, 
i.e., a good black, combined with good reproduction and good print 
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Fic. 257. D log E Curves Showing the Change in the Shape of the Curve with 
Developing Time for a Silver Bromide Paper. 


quality is to be obtained ; hence the contrast of the image cannot be con- 
trolled by varying the time of development as in the case of negative 
materials. 

Contrast of Printing Paper.—Developing papers accordingly are 
usually manufactured in several grades differing in “contrast,” i.e., in 
the contrast of the print produced from a given negative. In Fig. 258 
are shown the D log E curves of the six grades of a silver chloride, con- 
tact paper, all developed to the point at which a stabilized curve shape is 
obtained. (See note 37.) The curves for the different grades have 
been shifted laterally along the exposure axis to avoid the overlapping 
and possible confusion which might arise if all were plotted on the same 
exposure scale. It will be observed that the maximum density and, 
hence, the brightness range is practically the same for all six grades, also 
that the straight line portion, or the portion approximating a straight 
line is relatively short. It will be noted also that the slope, or gradient, 
of the curve increases steadily from grade 0 to grade 5; also that the 
exposure range, i.e., the range of exposures required:to produce the 
range of densities available on the paper, becomes less and less as the 
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gradient of the curve increases. Thus, the gradient of the D log E 
curve of a printing paper increases, and the exposure range becomes 
less, with the contrast. The contrast of a printing paper, however, is 
not wholly a function of the gradient, but depends also upon the maxi- 
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Fie. 258. D log E Curves Showing Change in Curve Shape for Different Con- 
trast Grades of a Silver Chloride Contact Paper. 

mum density. Thus, of two papers having the same gradient character- 
istics, that having the greater maximum density, i.e., the greater the 
density or brightness range, will have the greater available contrast. 
Thus, the contrast of a printing paper depends upon the gradient char- 
acteristics of the D log E curve, namely dD/d log E and the density 
range. 

According to Jones, the contrast (Q) of a photographic printing 
paper is expressed 


a (D max — D min)-[G(D) ] 


s: TAD? 


where G(D) is the average gradient in terms of equal density incre- 
ments on the D log E curve, and JAD is the smallest density difference 
which the eye can distinguish under average print viewing conditions, 
i.e., approximately 0.007.%* 


38 Jones, J. Franklin Inst. 202 (1926) 177; 203 (1927) 111; 204 (1927) 41. 
Reference should also be made to Bontenbal, Phot. J. 78 (1938) 76 (with 
bibliography). 
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“A graphic method of evaluating contrast according to the formula 
just given is illustrated in Fig. 259. The curve A is obtained by plot- 
ting values of dD/d log E as a function of the corresponding density, 
not log exposure. A measurement of the area enclosed by the curve A 
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Fic. 259. Graphical Method of Determining the Contrast of a Printing Paper. 


and the density axis now gives directly an evaluation of the contrast 
equation. It is only necessary to choose proper units for plotting this 
curve and to make the proper setting of a planimeter in order to obtain 
directly the desired value.” *° 

Sensitometric Characteristics of a Typical Silver Chloride, Con- 
tact Printing Paper.—The following table, from measurements by 
Jones and Morrison, indicates the sensitometric characteristics of a 
typical silver chloride contact printing paper in terms of the log expo- 
sure range, maximum density, maximum gradient and contrast capacity, 
as determined in accordance with the formula in the preceding section. 


89 Jones and Morrison, J. l’ranklin Inst. 228 (1939) 755. See also, Morrison, 
Brit. J. Phot. 89 (1940) 335. 
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Maximum DENSITY 
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The surface designations of the various papers as shown at the top are as follows: 

A—Smooth, white matt. 
AA—Smooth, lustre, cream white. 

B—Smooth, semi-matt. 
C—Smooth, glossy, pense. 
E—Smooth, semi-matt, white. 
F—Smooth, glossy, white. 
G—Fine grain, lustre, white. 
H—Fine grain, matt, white. 
K—Smooth, semi-matt, cream. 
P—Fine grain, lustre, ivory. 
Q—Fine grain, matt, ivory. 
X—Silk, semi-matt, ivory. 
Y—Silk, semi-matt, cream. 


Spectral Sensitivity——The variation in the response of a photo- 
graphic material with the wave length of the radiation to which it is 
exposed constitutes what is termed spectral sensitivity or frequently 
color sensitivity. The spectral sensitivity of a photographic material 
is a very important characteristic as it determines to a large extent the 
tones in which colored objects are rendered. 

The determination of spectral sensitivity involves the isolation of 
comparatively narrow bands of the spectrum and determining, by one 
of several methods, the response of the film or plate to radiation within 
these spectral regions. The most accurate methods of making such 
measurements require a monochromatic sensitometer *° which consists 
essentially of a spectrograph, a means of isolating any desired portion 
of the spectrum, and a sensitometer. 

Sensitometer exposures are made with this instrument in the usual 
manner, but using monochromatic light instead of white light. From 


40 Jones, Photographic Sensitometry. 
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the data accumulated as a result of measurements throughout the spec- 
trum, a spectral sensitivity curve showing the relation between wave 
length and sensitivity may be plotted. Spectrographic methods of this 
character, while necessary for a complete analysis of the spectral sensi- 
tivity of a film or plate, are lengthy, laborious, and exacting; further- 
more, the results obtained by simpler methods are adequate for most 
purposes. 

One of the most widely used methods of comparing the spectral- 
_sensitivity characteristics of different photographic materials is by 
/ means of wedge spectrograms. These are made on a special type of 
spectrograph whose essential features are shown in Fig. 260. A spec- 
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Fic. 260. Cross-Section of Wedge Spectrograph. 


trum of the light source at the extreme right is formed on the sensitive 
material, placed at the back of the camera to the left, by means of a 
diffraction grating and the optical system shown. A blackglass wedge 
placed directly in front of the slit varies the illumination across the 
spectrum logarithmically, so that the height of the exposed portion of 
the material at any point indicates the logarithm of the sensitivity at 
that particular wave length. 

Two facts must be kept constantly in mind when using wedge spectro- 
grams as a means of estimating the spectral sensitivity characteristics of 
a particular film or plate: (1) the curve represents the relation be- 
tween sensitivity and wave length only in terms of the light source used 
for the exposure; (2) the absorption of the glass wedge is greater for 
the short wave region than for the remainder of the spectrum, so that 
the sensitivity of the film or plate to blue-violet is relatively greater than 
wedge spectrograms would indicate. This difficulty may be avoided 
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by using rotating sectors in place of an optical wedge; however, it is 
not serious if wedge spectrograms are used simply for comparing dif- 
ferent materials. 

A third method consists in determining the response of the material 
to certain selected regions of the spectrum as isolated by filters. The 
red, green, and blue tricolor sets are frequently used for this purpose. 
The relative exposure required with each of the three filters to pro- 
duce the same result as on a clear strip is determined and expressed as 
the filter factor. The factor thus represents the number of times the 
exposure for each filter must be multiplied to produce the same effect 
as a given exposure on the clear strip. This method is identical with 
that used in determining filter factors. 

Color charts, prepared by three-color printing or with pigments, are 
often recommended as a means of determining spectral sensitivity. 
The use of these is not advised as the colors obtained in this manner are 
impure and reflect appreciable amounts of light from all parts of the 
spectrum so that the results obtained are inconclusive. 


Evans—An Intensity-Scale Monochromatic Sensitometer. J. Opt. Soc. 
Amer. 30 (1940) 118. 

SELWYN AND Davirs—A Note on the Use of Color Charts in Photography. 
Phot. J..78°(1938) 122. 


CHAPTER Ly 
THE PHOTOGRAPHIC REPRODUCTION OF TONE 


A photograph may be made either for the purpose (1) of producing 
an image which will excite in the mind of the observer the same sensa- 
tion as that produced by the original or (2) of conveying a certain 
impression which is desired for its artistic effect. Since photography is 
essentially a factual method of reproduction, it is probable that in the 
larger number of cases the first of these is the primary, if not the sole, 
objective. The extent to which this is possible depends upon the ability 
of the photographic process to reproduce the brightness of each ele- ~ 
mentary area in the object. A careful analysis of the various processes 
involved, as well as an analysis of those factors upon which depends the 
operation of our visual perception, is obviously essential in the determi- 
nation of the faithfulness of tone rendition under any given set of 
conditions. 

The visual impression produced by any subject depends upon a num- 
ber of factors, among which the most important are physical brightness, 
brightness difference or contrast, and hue. So far as the ordinary 
processes of photography are concerned, the first two are by far the 
more important since these may be reproduced with considerable fidelity, 
while hue can only be suggested. It is, therefore, of preeminent im- 
portance that the problem of tone reproduction be thoroughly consid- 
ered if one hopes to depict the true tonal relationships of an object in 
a lifelike manner. 

Simplifying Assumptions.—In order to bring the theory of 
photographic tone reproduction within the limits of -a single chapter, it 
will be necessary to make certain simplifying assumptions. First, while 
most subjects contain one or more colors, in the discussion which fol- 
lows a monochromatic object will be assumed thus eliminating the com- 
plicating factors involved in the reproduction of the color sensation. 
This simplification becomes necessary, since, in general, the spectral 
sensitivity of the photographic plate is radically different from that of 
the human eye. Secondly, we shall further assume that all photographic 
deposits are non-selective and, therefore, have identical visual and 
photographic density values. 
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Tone Rendition of a Neutral Grey Object.—For convenience, 
the object to be reproduced will be regarded as consisting of a scale 
of neutral brightnesses lighted by reflected light. From the negative 
a lantern slide is made, which in turn is projected on a white screen. 
Let B,, B,, By, ... represent the measured brightnesses of the Ist, 
2d, 3rd, . ... steps of the grey ‘scale; and 6,,b,, by... > represent 
the brightnesses of the corresponding steps on the screen. True tone 
reproduction would be achieved when each brightness of the screen 
image, b, is directly proportional to the brightness, B, of the corre- 
sponding part of the subject photographed. 

Figure 261 is intended to represent schematically the set-up used in 
taking this picture. The step on the grey scale marked B, is imaged 
on the negative as T,, B, as T,, etc. The exposure (in meter-candle- 
seconds) reaching the film is directly proportional to the protluct of 
the brightness of the subject (in meter-candles) and the time of ex- 
posure (in seconds). This may be expressed mathematically as: 


E = IBr, (1) 


where E exposure of the negative material in meter-candle-seconds, 
B = brightness of the object in meter-caridles, 
T, == duration of the exposure in seconds, 
=a constant depending for its value upon the character of 
the image forming system. It may be shown from geo- 
metrical optics that 1 == «/4(f/number ).? 


From which it follows that the exposure F, for the first step of the 
grey scale would be represented by E,—=/B,7», the exposure for the 
second step by EF, =/B,7n, and similarly for other steps. 

Let us now further assume that the brightness range of the entire 
grey scale is such that it may be correctly recorded by the negative 
material, i.e., it can be recorded upon the straight line portion of the 
H and D curve of the negative material. Hence, the usual sensito- 


metric formulas will apply. Let T,, T,, T,, . . . represent the trans- 
parencies of the Ist, 2nd, 3rd, . .. steps of the negative upon de- 
velopment. 


The equation on page — may be rewritten as: 


as) 2) 
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where T= transparency of the negative in per cent 
in = inertia of the negative material in meter-candle-seconds 
E, = exposure given to the negative material in meter-candle- 
seconds 
‘Yn = degree of contrast to which the negative is developed, i.e., 
the slope of the H and D curve of the negative material. 


From this we see that 7; = (B)™ To= (=) etc. for the 
Ey Es 
other steps. 
Next, a lantern slide positive is made by contact printing form this 
negative. This operation is represented schematically in Fig. 262. 


Fic. 262. Reproduction of Negative on Positive Transparency (Lantern Slide). 


Here the exposure (in meter-candle-seconds) for any point on the 
lantern slide is directly proportional to the transparency of the cor- 
responding point of the negative and to the time illuminated. This 
may be represented mathematically as 


& = mI, (3) 
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where & = exposure received by the positive material, in meter- 
candle-seconds, 
T = transparency of the negative in per cent, 
Tp = time of illumination in seconds, 
m = intensity of illumination on the negative in meter-candles. 
(This factor is solely a function of the design of the printer.) 


The exposure &, given the first step of the lantern slide will be repre- 
sented by &; = Tir,y, the second step by 6: = mT ry, etc. Let us 
now assume that the transparency scale of the negative is such that 
by selecting the proper printing time, it may be printed within the 
latitude of the positive material. If t1, te, f3, --- represent the 
transparencies of the 1st, 2nd, 3rd, --- steps of the lantern slide 


upon development, then 
— (2)\% 
i= (z) o 


where ¢ = transparency of the positive in per cent, 
Zt» = inertia of the positive material in meter-candle-seconds, 
6» = exposure given to positive material in meter-candle- 
seconds, 
degree of contrast to which the positive is developed, i.e., 
the slope of the H and D curve of the positive material. 


= 
3 
I 


From this it follows that 4; = (2) MP i= (2) Ye. etc., for 
1 


the other steps. 


Now if this slide is placed in a suitable projector and the projected 
image of the grey scale examined as it appears on the screen (see Fig. 
263), the brightness of any step of the grey scale will be directly pro- 
portional to the transparency of the corresponding step on the slide, or, 


b = nt (5) 


where 6 = screen brightness of any particular section of the screen, 
in meter-candles, 
¢ = transparency of the corresponding section of the lantern 
slide positive in per cent, 
n = a factor representing the amount of light incident upon 
the slide in the projector (1/(f/number)?). 


Therefore, the screen brightness of the first step of the grey scale will 
be represented by b, = nt,, the second step by b, = nt,, etc. 
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We are now in a position to analyze the conditions which must be 
satisfied if the screen brightness, b, at any point is to be directly pro- 
portional to the brightness, B, of the corresponding point in the subject. 
Starting with Eq. 5 and substituting the value of ¢ as given by Eq. 4, 
we have 


Substituting the value for & as given by Eq. 3, we have 


», Up Yo: 
ieee (=e) 


And finally substituting the value for E as given by Eq. 1 we have 
1 Yn 
baat 2 3 
VME Osh ah (6) 
P\ [Bry 


If, for the sake of simplicity, we make the limiting assumption that 
both the negative and positive are developed to a gamma of unity, i.e. 


VE oS Vie iv, 
then Eq. 6 reduces to the form 


oe les ee (7) 


which immediately indicates that b is directly proportional to B when 
both y, and yp are unity. It may be shown algebraically that the 
y values of the negative and positive need not be unity individually, 
but only their product be unity. For example, if the negative is de- 
veloped to a gamma of 0.5 and the positive to a gamma of 2.0, the 
reproduction of tone values is the same as would be secured were both 
the gamma of the negative and positive equal to unity. Thus it may 
be concluded that for the proportional reproduction of the brightness 
differences of the original, the product of the negative and positive 
gammas should be unity. In other words, 


Yn Vp = 1. 
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However, it is important to remember that this entire argument has 
been built upon the following limiting assumptions: 


1. That all the areas of the object photographed are both visually and 
photographically colorless. 

2. That all the densities involved lie on the straight-line sections of the 
H and D curves. 


Effect of Gamma Product on Tone Reproduction.—It will be 
of interest to consider how far the y product of the negative and 
positive may deviate from unity without seriously affecting the repro- 
duction or rendition of tone values. Assume, for example, a landscape 
in which the brightness range is approximately 32 to 1—that is, the 
brightness of the highest light is 32 times that of the deepest shadow. 
Denoting the highlight brightness by B, and the shadow brightness by 
B,, the brightness range of the scene is: 


By 


B, > 3: 

Since most negative materials possess a latitude of 128 to 1 or more, 
it is possible with the proper camera exposure to record this range of 
brightnesses on the straight-line portion of the D log E curve. Then 
the relation between the transparency of any given area of the de- 
veloped negative and the brightness of the corresponding part of the 
subject may be represented as 


By substitution it can be shown that the transparency range T,/T, of 
the negative will be given by 


T>2 fi By Yn 

Tes i i ‘ oF 
With the aid of Eq. 4, it may be shown also that the transparency range 
of the positive is given by 

hi i By YnYp 

pole (9) 


An examination of Eq. 9 reveals that the gamma-product of the nega- 
tive and positive is an exponential quantity. This means that even a 
slight deviation of the gamma product from unity will produce a rela- 
tively large change in the faithfulness of the tone rendition. When the 
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gamma-product is larger than unity, the reproduction exhibits a greater 
contrast than the brightness range of the subject photographed; and 
when less than unity, the reproduction has less contrast than the original. 

Enhancement of Contrast by Increasing Gamma Product.—For 
certain scientific applications it may be desirable to enhance the con- 
trast of the original subject by developing both the negative and positive 
to a gamma-product greater than unity. In photomicrography, for ex- 
ample, details on the microscope slide which are invisible to the eye 
may frequently be effectively increased in this manner. This is possible 
since the eye has a minimum contrast sensitivity of approximately two 
per cent. Hence, brightness differences on the microscope slide which 
are less than two per cent will be indistinguishable to the eye. By 
extending the time of development it is quite possible to attain a gamma 
value of 2.0, while a gamma of 3.0 can be secured with some negative 
materials. Assuming a gamma of 3.0 for both the negative and posi- 
tive, the gamma-product becomes 9.0. By such treatment, a bright- 
ness difference as small as 0.30% can be increased to 0.30 K 9==2.7% 
in the positive and therefore will become readily distinguishable to 
the eye: 

The converse of this situation frequently arises. It may be neces- 
sary, for example, to photograph a subject where the brightness range 
is greater than that which can be recorded on the positive material 
available. In this case, it is necessary to develop both the negative and 
positive so that the product will be less than unity in order to secure 
faithful tone rendition. 

A Graphical Solution of Tone Reproduction.—Thus far, only the 
correct reproduction on the screen of the actual physical brightnesses 
present in the object and of the actual contrast relations existing be- 
tween various areas of the object has been considered. However, when 
the subjective impression produced by a given brightness is entirely 
dependent upon the state of adaptation of the observer’s eye, it is 
obvious that such treatment as given above cannot represent a complete 
solution. The problem may be divided into two distinct phases: (1) 
the objective phase, which deals solely with the reproduction of the 
actual physical brightnesses and is capable of mathematical analysis; 
and (2) the subjective phase, which includes a consideration of those 
factors determining the nature of the subjective impressions produced 
by the action of a given physical stimulus under various conditions, and 
requiring the use of psycho-physical methods and data for its adequate 
treatment. 
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Heretofore, it has been assumed that all of the densities involved 
lie on the straight-line sections of the negative and positive H and D 
curves. In practice, this is not usually the case; it frequently becomes 
necessary to use the toe of the negative curve and both the toe and 
shoulder of the positive curve. An analysis of the rendition of tone 


Ic. 264. Graphical Method of Determining the Faithfulness of the Tone Repro- 
duction with Hypothetical, (a) Negative and (b) Positive Materials. 


values under these conditions becomes too complicated to express con- 
veniently in mathematical language. However, a graphical solution, 
by Jones of the Eastman Kodak Research Laboratory, offers a most 
ingenious method of making this analysis. Fig. 264 presents this solu- 
tion, the necessary curves being plotted in four quadrants designated 
for reference as I, II, III, and IV. 

The fourth quadrant contains the characteristic H and D curve of the 
negative material ; 

The third quadrant, the characteristic H and D curve of the positive 
material, and 

The second quadrant shows the variation in the response of the eye 
when viewing the original subject and when viewing the reproduction 
(the illuminated positive). : 
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The first quadrant shows the extent to which accurate tone rendition 
has been achieved. The curve therein compares the visual sensation 
produced by the reproduction with that of the original. If the tone 
values are faithfully rendered, this curve will of necessity be a straight 
line at an angle of 45° to the axis. 
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Fic. 265. Curve Representing the Relative Contrast Sensitivity of a Normal 
Human Eye at Different Levels of Field Brightness Taken from Data of Konig 
and Brodhun and Adjusted for the Size of the Natural Pupil According to Data 
Supplied by Reeves. 


In most of the cases encountered in practice, both the subject and 
the reproduction are viewed under adaptation levels which lie on the 
straight-line portion of the visual sensation curve (Fig. 265). There- 
fore, the relative subjective contrast function shown in the second quad- 
rant of Fig. 264 appears as a straight line through the origin at 45°. 

From a study of the reproduction curve in the first quadrant of 
Fig. 264, it will be observed that the tone reproduction curve deviates 
quite markedly from linearity. The magnitude of the departure from 
an exact reproduction of the subject brightness is given by the length 
of a perpendicular line limited by the straight-line curve and the repro- 
duction curve and drawn through the point considered; while the rela- 
tion of the slopes of the curves at corresponding points determines the 
magnitude of the departure from exact reproduction of the contrast 
in the object at the point considered. 

Analysis of Reproduction Curves.—The reproduction curve in 
Fig. 264 also indicates that the maximum contrast is secured from 
densities lying on the straight-line sections of the H and D curves 
of both the negative and positive materials. It will also be noted that 
in the hypothetical example chosen, the shapes of the toe and shoulder 
of the negative and positive curves work against one another in such 
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a manner as to lower the reproduced contrast from these regions. Loss 
of subject detail in both the shadows and highlights is the result of this 
reduced contrast. In practice this difficulty is avoided by using nega- 
‘tive and positive materials which do not have these obvious faults in 
curve shape. Figs. 266, 267, and 268 are presented to show how the 
faithfulness of reproduction is affected through the utilization of 
negative and positive materials possessing various characteristics. 


log En. = 


Fic. 266. Graphical Representation of the Accuracy of Tone Reproduction Ob- 
tained when Printing a Straight-Line Negative on a Positive Material with a 
Long Toe. 


From Fig. 266 it will be observed that the contrast in the shadows is 
enhanced, while that in the highlights is reduced. This occurs when the 
negative densities lie on the straight-line portion of the D log E curve 
and are printed on a positive material having a long toe. From Fig. 
267 it is seen that shadow contrast is lowered and highlight contrast 
enhanced when a negative in which many of the densities lie in the toe 
portion of the curve is printed on the straight-line portion of the positive 
material. Fig. 268 presents a case where the straight-line portions of 
both the negative and positive materials are used exclusively. Here 
the reproduction curve in the first quadrant is a straight line, which 
indicates that the tone rendition is correct. 


es 


69 


—- — — >—-]|--—- - 


log kn > 


Fic. 267. Graphical Representation of the Accuracy of Tone Reproduction 
Obtained when Printing a Negative Utilizing the Toe Portion of the D log E 
Curve on the Straight-Line Portion of the Positive Material. 
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Fic. 268. Graphical Representation of the Accuracy of Tone Reproduction 
Obtained when Printing a Negative Utilizing the Straight-Line Portion of the 
D log E Curve on the Linear Portion of the Curve of the Positive Material. 
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However, a positive material having as short a toe and as long a 
straight line as that shown in Fig. 268 is not readily obtainable in practice. 
Moreover, it is not at all necessary to use straight line negative and 
positive materials in order to obtain a correct, straight line reproduction. 
Any curvature which occurs in the negative can be compensated by a 


Fic. 269. Tone-Reproduction Diagram Showing How it is Possible to Obtain 
Linear Reproduction by the Matching of Curved Portions of the D log E Curves 
ot the Negative and Positive Materials. 


corresponding curvature in the positive. Printing a negative having 
a bow shaped curve on a positive material which also has a bow shaped 
curve can result in a high quality print, the reproduction curve of which 
will either be a straight line or a curve which is so nearly a straight line 
that the quality is entirely satisfactory. A typical example is presented 
in Fig. 269. Quadrant IV contains a normal negative curve and quad- 
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rant III contains a curve for a typical positive printing paper. A study 
of this diagram will show that the reproduction curve turns out to be 
a straight line, or very nearly so, because the flat part of the negative 
is printed on the steep part of the positive while the steep part of the 
negative is printed on the flat part of the positive. As Jones* has 
emphasized, for correct, objective tone reproduction, the positive and 
negative curves should be mirror images of each other. 

The above analysis shows that there is sound theoretical justification 
for the very common photographic practice of making negatives which 
use a considerable portion of the toe of the negative material, and it 
shows that there is good reason for the common use of long toed posi- 
tive materials. The old Hurter and Driffield theory, which assumed 
that straight line negatives and straight line positives were required for 
correct, straight line reproduction, is being abandoned by most of the 
leading research workers in the field of photographic tone reproduction. 

Tone Reproduction on Printing Papers.—The characteristic 
curve of printing papers is similar to that of negative materials except 
that the straight-line portion is shorter. A good negative material is 
capable of recording proportionally a brightness range of 1: 128 or 
more. Since printing papers depend upon reflected rather than trans- 
mitted light, they are limited to the difference between the amount of 
light reflected from the white paper and that reflected from the deepest 
black which the paper will produce. The maximum black obtainable 
with any paper varies with the emulsion and the surface of the paper. 
With a matt paper, the difference in the amount of light reflected from 
the unexposed paper and the maximum black may be in the ratio of 
1:15; with glossy papers, the ratio is greater, usually from 1:50 to as 
high as 1:100. Hence, it is possible to reproduce the full scale of 
brightness in many subjects photographed only if the entire scale of the 
paper is used. 

For subjects having brightness scales exceeding the scale of the 
paper, it is necessary to sacrifice the reproduction of those parts of the 
tone scale that are of minor importance in order that the portion hold- 
ing the greater subject interest may be properly rendered. 


1 Jones, J. Franklin Inst. 227 (1939) 317. 


Jones AND Morrison—The Sensitometry of Photographic Papers. J. 
Franklin Inst. 228 (1939) 755. 

Renwick—Difficulties in Translating the Theory of Tone Reproduction 
into Practice and the Sensation of Contrast (Tenth Hurter and Drif- 
field Memorial Lecture). Phot. J. 77 (1937) 6. 
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In practice, the tone reproduction obtained on a printing paper is 
controlled (1) through the choice of a paper the exposure scale of 
which is suitable for the opacity range of those portions of the negative 
which represent the most interesting parts of the subject and (2) by 
adjusting the printing exposure to obtain the tonal differences which 
are regarded as suitable for the subject as a whole. 

Three examples may serve to show how these principles are applied 
to the problem of tone reproduction in printing.? 

I. Suppose one wishes to print a rather contrasty negative of an 
open landscape having a dense sky without clouds in which the interest 
lies chiefly in the foreground. If a paper is chosen having a scale 
which will record the deepest shadows in both the foreground and sky, 
the foreground detail will fall on the overexposure portion of the paper 
curve and hence will be flat and lacking in contrast. For such a case 
it would be better to regard the scale of the negative as the difference 
between the lowest and the highest density in the foreground alone. 
Then, if a paper is selected having sufficient latitude to record this 
range, satisfactory rendering will be obtained for the most important 
part of the subject. 

Il. In a similar landscape where the chief interest is in the cloud 
formations, the conditions would be exactly the reverse of Case I. 
Here it would be the highlight gradations that we would attempt to 
record faithfully. 

III. Let us now consider a scene in which the objects of major in- 
terest consist of middle scale values surrounded by strong highlights 
and shadows. Under these conditions the negative gradation is very 
much greater than can be recorded on paper. Consequently we shall 
endeavor to render properly the half-tone region and let the shadows 
and highlights take care of themselves. This can be achieved by se- 
lecting the proper paper and giving the correct exposure to record the 
object of greatest interest on the portion of the H and D curve, having 
good gradation. Obviously the rendition of the highlights and shadows 
will be distorted, the amount of distortion depending upon the shape 
of the toe and shoulder of the characteristic curve of positive material. 
Naturally, the greater the latitude of the paper, the more perfectly the 
extremes will be reproduced. 


2 Mees, Jones and Nutting, Phot. J. 54 (1914) 342; Mees, 64 (1924) 311. 
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Tone reproduction, in the case of an object free of color, involves 
only the reproduction of the brightness differences, or contrast, between 
different parts of the object. A white block against a dark background 
(Fig. 270), for example, when lighted from one side contains areas 
which, apart from their shape, differ only in brightness, i.e., in the 
amount of white light reflected. Many, if 
not most subjects, however, contain areas 
which differ in color. The visual contrast 
between different parts of the subject in 
this case is not necessarily the result of 
differences in the amount of light reflected 
as in the kind, or color, of light reflected. 
Visually, colors differ in respect to hue, 
saturation and brilliance or lightness. Hue 
is the characteristic of color which dis- 
Fic. 270. tinguishes it from white or grey; i.e., 

green, blue, red, etc. Saturation has ref- 


erence to the distinctness or vividness of hue, while brilliance, or 
lightness, is the intensity of the visual response to a color as com- 
pared with a tone of gray; i.e., the characteristic which enables a color 
to be classified as the equivalent in lightness to some member of a series 
of grays ranging from black to white. The contrast between two 
colors may be the result, therefore, of a difference in hue, in saturation, 
in brilliance or in any combination of these. Differences in hue and 
saturation cannot be reproduced, other than in color photography, except 
as differences in brightness, as we are limited to the differences in 
brightness produced by the deposits of silver, or pigment, forming the 
image. It is necessary, therefore, to reproduce differences in subject 
contrast which may be due to a difference in either hue, saturation, bril- 
liance or all three, by means of the last mentioned characteristic alone. 

It is necessary to examine first, therefore, the relation between the 
wave length of radiation and the resulting sensation; i.e., the visual 
function, or the color-brilliance (lightness) characteristic. 
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Spectral Response of the Eye and Typical Photographic Mate- 
rials.—The relation between the wave length and visual response 
for a light source having a color temperature of 5400° K. (the accepted 
standard for noon sunlight) is represented by curve A in Fig. 271 from 
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Fic. 271. Curves Representing the Relation Between the Wave-Length and 
the Response of (4) the Eye, (B) Blue-sensitive, (C) Orthochromatic, and (D) 
Panchromatic Materials for Noon Sunlight (5400° K). 


which it is evident that the maximum response of the eye occurs at a 
wave length of approximately 550 mp, or in the yellow from which 
points it drops sharply to the limits at wave lengths of approximately 
400 my in the violet and 700 my in the deep red. The wave length 
response of typical blue-sensitive, orthrochromatic and panchromatic 
materials under the same conditions is shown by curves B, C and D 
respectively. It will be observed that all three show a maximum re- 
sponse in the blue-violet between 400 mp and 500 mp. Ordinary, or 
blue-sensitive materials are for all practical purposes insensitive at wave 
lengths greater than 525 my; therefore, those colors which appear most 
brilliant to the eye are reproduced almost black. The sensitivity of 


1 See also the wedge spectrograms on pages 488, 489, 
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orthochromatic materials extends to a wave length of from 550 my to 
nearly 600 mz depending upon the sensitizer employed, so that materials 
of this type are sensitive to’ green and yellow as well as to violet and 
blue. The range of sensitivity of panchromatic materials is approxi- 
mately the same as that of the eye but the distribution of sensitivity is 
quite different. Thus, while the use of panchromatic materials results 
in an improvement in the rendering of color as compared with blue- 
sensitive or orthochromatic materials, the reproduction with a panchro- 
matic material with sunlight does not correspond with the color bril- 
lance response. 

Effect of the Light Source.—In Fig. 272 are shown spectral 
cnergy curves representing (A) average noon sunlight (5400° K.) ; (B) 
incandescent tungsten illumination (3400° K.) and (C) incandescent 
tungsten illumination (2360° K.).? It is evident from a comparison 
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Fic. 272. Spectral Energy Curves, (a) Average Noon Sunlight (5400° K), 
(b) Incandescent Tungsten Illumination (3400° K), and (c) (2360° K). 


of these curves that the spectral energy distribution of both of the 
tungsten sources is quite different from that of noon sunlight, the energy 
output of tungsten radiation being lower than that of sunlight for the 
shorter wave lengths and relatively greater for the longer wave lengths. 
Since the effective distribution of spectral sensitivity depends upon the 
spectral energy characteristics of the light source, as well as the spectral 
sensitivity response of the photosensitive material, it is clear that the 
use of either of the tungsten sources represented will result in sensitivity 
curves which are lower in the short wave region and higher in the long 
wave region than those in Fig. 271. 


2 For other spectral energy curves see Chapter V. 
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A natural consequence of the alteration in the spectral response of 
a photographic material brought about by a change in the spectral 
distribution of energy in the light source used for the exposure, is a 
difference in the relative brightnesses in which different colors are re- 
produced by the photographic material. In Fig. 273 is shown a repro- 
duction of a color chart photographed on a panchromatic material, at 
the left by sunlight and at the right by tungsten illumination. 


(Left) (Right) 


Itc. 273. Reproduction of a Color Chart Photographed on a Panchromatic 
Material, (left) in Sunlight and (right) in Incandescent Tungsten Illumina- 
tion. 


A comparison of the relative brightnesses in which the different 
colors of the original are reproduced by the two light sources, shows 
that the employment of tungsten illumination, with its greater abun- 
dance of long wave radiation, has resulted in yellow, orange and red 
being reproduced relatively lighter and violet and blue darker than with 
sunlight. The relative brightnesses in which different colors are re- 
produced depend on the distribution of spectral sensitivity with the 
particular light source used for the exposure. The greater the effective 
sensitivity in any particular part of the spectrum, the greater the density 
of the negative and the lighter the tone of gray in which the corre- 
sponding color sensation is represented in the print. 

Light Filters.——In practice, the rendering of color by a photo- 
graphic material is controlled so as to produce the result desired by 
using a light filter. A light filter may be defined as an optically 


2 Also termed color filter, color screen, ray filter. 


a 
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homogeneous (i.e., non-turbid or scattering) medium possessing selec- 
tive or differential absorption; i.e., the absorption, or density, varies 
with the wave length. The curve in Fig. 274, for example, represents 
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lic. 274. Spectrophotometric Curve of the Transmission, (Light) Absorption, 
(Dark) Characteristics of a Yellow Filter. 


the relation between absorption and wave length for a typical yellow 
filter. The dark portions represent the absorption, or density, in rela- 
tion to wave length, while the clear portion represents the transmission 
at each wave length. Spectrophotometric curves of this kind are de- 
termined by means of a spectrophotometer. In this instrument, a 
spectrum is formed by means of a prism or a diffraction grating and 
radiation of any desired wave length is isolated by a narrow slit. One 
half of the radiation thus isolated is then caused to pass through the 
filter which is being examined and the intensity of the radiation trans- 
mitted by the filter is measured by comparing it, in a suitable photometer, 
with the other half of the beam of light which has not been subjected 
to the absorbing action of the filter. In this way, values for the trans- 
mission of the filter at different wave lengths are obtained. These 
values are then plotted as a function of wave length to form a curve 
which shows the spectral absorption characteristics of the filter.‘ 

4The absorption of filters is frequently represented by wedge spectrograms. 
These are usually made in an instrument of the type shown in Fig. 260, the filter 
being placed between the light source and the slit of the spectrograph. While 


useful for comparative purposes, wedge spectrograms necessarily represent filter 
characteristics in terms of some particular light source, and photographic material. 
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The effect of a filter on the distribution of sensitivity for a particular 
photographic material may be found by multiplying wave length by 
wave length, the ordinates of the curve representing the spectral re- 
sponse of the film or plate by those of the curve representing the trans- 
mission characteristics of the filter. Both curves, however, must be 
for light of the same color temperature. In Fig. 275, for example, 
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Fic. 275. Curves Representing (4) The Spectral Sensitivity ofea Particular 
Panchromatic Material, (B) the Transmission Curve of a Yellow Filter, and (C) 
the Distribution of Sensitivity with the Filter. 


curve A represents the spectral sensitivity of a panchromatic material 
to light of tungsten quality, B is the transmission curve of a yellow 
filter plotted on the same basis. By multiplying the ordinates of curve 
A by those of curve B at corresponding wave lengths, curve C repre- 
senting the distribution of sensitivity of the film with the filter is 
obtained. 

Since the relative brightnesses in which colors are reproduced by a 
photographic material depend upon its effective distribution of sensi- 
tivity, it is evident that the change in spectral sensitivity characteristics 
brought about by the use of a filter is accompanied by a similar change 
in the reproduction of color. The filter in Fig. 274, for example, ab- 
sorbs violet and blue and transmits green, orange and red. Thus the 
exposure for violet and blue is reduced so that these colors are rendered 
darker while green, orange and red are rendered lighter in comparison. 
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In other words, a filter causes colors of those wave lengths which it 
absorbs to be rendered darker while those in its transmitting band are 
rendered relatively lighter. 

Filter Factors.—Since the employment of a filter results in the 
absorption of light in a spectral region to which the photographic mate- 
rial is sensitive, it is obvious that the effective illumination is reduced, 
necessitating an increased exposure. The number of times the expo- 
sure must be increased when using a filter is known as the filter factor. 

The filter factor depends on (1) the absorption spectrum of the 
filter, (2) the spectral sensitivity of the photographic material with 
which it is used and (3) the distribution of spectral energy in the il- 
lumination incident on the subject photographed. 

Thus a filter which absorbed totally all radiation between 300 mp 
and 400 mu (violet and blue) would reduce the sensitiveness of an ordi- 
nary (blue-sensitive) material almost to the vanishing point. In the 
case of an orthochromatic material, the effect on sensitiveness would be 
less because a larger proportion of the total sensitivity lies in spectral 
regions which are not absorbed by the filter. The effect on a panchro- 
matic material will be even less and for the same reason. Hence, the 
filter factor for the same filter will be much greater for ordinary than 
for orthochromatic material and still less for panchromatic material. 
With a filter transmitting between 300 mp and 400 mp and absorbing 
the remainder of the spectrum, the effect will be reversed. 

The filter factor varies also with the distribution of energy in the 
illumination incident on the subject. The greater the proportion of 
the total energy which lies in the spectral region transmitted by the 
filter, the lower the filter factor. 

For example, tungsten radiation contains a larger proportion of 
yellow, orange, and red light and less violet and blue than daylight. 
Therefore, the factors for yellow, orange and red filters are lower for 
tungsten than for daylight. The reverse is true, however, of a blue 
filter. 

The factor of a filter, therefore, cannot be expressed except in terms 
of a particular sensitive material and source of illumination. 

Determination of Filter Factors.—The filter factor may be cal- 
culated by integration from curves representing the distribution of spec- 
tral sensitivity with and without the filter. In Fig. 275, for example, 
curve A represents the spectral sensitivity of a particular panchromatic 
film without a filter; B is the transmission curve of the filter, and C the 
wave length-response curve of the film with the filter. The total photo- 
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graphic effect produced without a filter is proportional to the area 
under curve A, and with the addition of a filter, the area under curve 
C. By measuring these areas with a planimeter and dividing the area 
under curve A by that under curve C the filter factor under these 
conditions is obtained. 

In practice, however, filter factors are usually determined by sensi- 
tometric methods because of their greater convenience. 

If two sensitometric strips are exposed, one with and one without the 
filter, the D log E curves plotted and the speed in each case determined 
by any of the usual methods, the ratio of the speed with the filter to 
that of the film without a filter will be the filter factor. In Fig. 276, 
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Ic. 276. D log E Curves Developed for the Same Time Exposed, (4) Light 
of Sunlight Quality, no Filter, (B) with a Filter. 


for example, curve A is the D log E curve for a particular film without 
a filter, while curve B represents the same film exposed under the same 
conditions, but with a filter, both strips being developed: for the same 


Davis—A New Method of Measuring the Factors of Light Filters. Phot. 
J. 61 (1921) 169. 

Jones AND McFartAneE—The Precise Measurement of Filter Factors and 
Photographic Reflecting Powers. J. Soc. Mot. Pict. Eng. 19 (1932) 
361. 

LancerR—Determination of Filter Factors According to Wedge Difference 
Method. Phot. Ind. 32 (1934) 818. 

SHarAnov—Calculation of Filter Factors. Kino. Phot. Chem. Ind. No. 3 
(1938) 15. 

Tupper—Filter Factors. Photo.Tech. 1 (1940) 29. 
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time and plotted on the same log E scale, the exposure values being 
those produced in the sensitometer without a filter. It will be noted 
that although both strips were developed together for the same time, 
the gamma of curve 4 is greater than that of B. In other words, one 
of the results of using a filter has been to increase the gamma obtained 
with a given time of development. This indicates that gamma depends 
upon the spectral characteristics of the light used for the exposure as 
well as on the conditions of development. Since the two D log E 
curves are not parallel, it is clear that if the filter factor is calculated 
from the ratio of the two speed values as determined from the inertia, 
negatives exposed in accordance with the factor as thus determined will 
match in density only at some point in the shadow region. The densi- 
ties of the highlights and halftones of the filter negative will be less 
than those of the negative made without a filter because of the differ- 
ence in gamma. Likewise a filter factor determined from the ratio 
of the exposure required to produce a particular density will result in 
negatives which match at that density but not elsewhere. The lack of 
agreement, however, is usually of small importance in general photog- 
raphy if a density is used for calculation which is approximately midway 
within the usual negative density range. In determining filter factors 
for three-color photography, the sensitometric strips exposed with and 
without a filter should be developed to the same gamma and the filter 
factor determined from the ratio of the exposures for a given density 
on the straight line portion of the D log E curve. 

Practical filter factors may be conveniently determined by photo- 
graphing a black and white photograph with and without the filter. 
The photograph should be a neutral black ; blue-black or brownish black 
prints are not advisable. A series of exposures is made, preferably by 
varying the lens aperture so as to avoid variations in shutter speeds, 
first without and then with the filter. After development, the series 
of negatives made with the filter is compared with the other and the 
images selected which match in the highlight region. The filter factor 
is calculated from the ratio of the exposures for the two negatives. 

Orthochromatic Reproduction—The correct reproduction of 
color in terms of its brilliance, or lightness, characteristic is termed 
orthochromatic reproduction. Orthochromatic, from the Greek roots, 
ortho correct and chroma color, is used here in its true significance ; 
orthochromatic films and plates, on the other hand, do not produce 
orthochromatic reproduction but only an improved rendering of color 
as compared with ordinary or blue-sensitive materials. 
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Fic. 277a._ (A) Color Brilliance Curve, and (B) the Spectral Sensitivity Curve 
of a Panchromatic Material. 
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For orthochromatic reproduction, the effective distribution of photo- 
graphic sensitivity should correspond with the visual function, i.e., the 
color brilliance curve. With the sensitive materials and light sources 
now available, filters are necessary if orthochromatic reproduction is 
to be obtained. The transmission curve of the filter necessary for 
orthochromatic reproduction when a particular film or plate is used 
may be found by dividing the ordinates of the color brilliance curve by 
those of the curve representing the distribution of sensitivity with 
wave length for that particular material. 

In Fig. 277, for example, A is the color brilliance curve and B the 
spectral sensitivity curve for a particular panchromatic material to 
sunlight. In Fig. 277B, C is the curve obtained by dividing the ordi- 
nates of curve A at each wave length by those of curve B and represents 
the transmissions of the filter required to produce orthochromatic re- 
production under these conditions. The transmission values may be 
converted to density by the usual formula D = log i/T to obtain the 
density characteristics of the required filter (curve 4). 

While sensitive materials have been greatly improved in recent years, 
filters which produce perfect orthochromatic reproduction absorb too 
much light and necessitate too great an increase in exposure to be gen- 
erally useful. Most orthochromatic filters, therefore, do not produce 
true orthochromatic reproduction but only what is regarded as a satis- 
factory approach to it. 

From a theoretical standpoint, an orthochromatic filter produces 
orthochromatic rendering regardless of the spectral energy characteris- 
tics of the light source used for the exposure. In other words, a filter 
which results in orthochromatic reproduction on a given film or plate 
using sunlight, will correctly reproduce colors as they appear by tungsten 
illumination when used with an incandescent tungsten light source. It 
is customary, however, to reproduce colors in accordance with their 
brilliance characteristic in sunlight and, therefore, in practice, lighter 
filters are used with incandescent tungsten illumination than in sunlight. 

In all cases, the filters recommended for orthochromatic reproduction 
by the manufacturer of the film or plate should be used. 

Using Filters for Color Selection.—In practice, orthochromatic 
reproduction is not always the end in view. Objects are distinguished 
from their surroundings by contrast which may be the result of a 
difference in brightness or a difference in color. Frequently, parts of 
the subject may differ but little in brightness and yet the contrast to 
the eye may be considerable because of a difference in color. The con- 
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trast between a bright red apple amidst a cluster of green leaves, for 
example, is very striking to the eye. Actually, however, the brightness 
difference is small and when photographed on a panchromatic material 
with an orthochromatic filter, the contrast is insufficient and the two 
are not properly differentiated in the negative. 

Since color contrast can be reproduced in monochrome only as dif- 
ferences in brightness, in the case of a subject of this nature contrast 
must be produced by darkening or lightening the tone in which one of 
the colors is reproduced in relation to the other. This may be accom- 
plished by using a filter which absorbs more of one of the colors than. 
the other. Consider the case of a tree with red apples. A green 
filter will render foliage lighter than the apples, while a red filter 
partially absorbing green will render the apples relatively lighter than 
the foliage. Consequently, to render a color lighter than it would 
appear with orthochromatic reproduction, a filter which selectively 
transmits light of the same color must be used, while to render a color 
darker, it must be photographed with a filter which absorbs light of the 
same color. 

The proper filter to use under any given conditions depends upon the 
subject and involves a decision first as to what color, or colors, are 
to be rendered lighter (or darker) and second, the degree of contrast 
to be produced. As a general rule, the warm colors such as yellow, 
yellow-green, orange and red should be rendered as lighter than the 
cool colors such as violet, blue and blue-green. The extent to which a 
color should be lightened or darkened depends so much upon the sub- 
ject and the results desired, that no definite rule can be given; judgment 
based upon experience is the only safe guide. Special filters, known 
as viewing filters, designed to show how the colors of a subject will be 
reproduced by a particular film or plate with different filters are helpful 
in choosing the proper filter for the effect desired The effect of a 
contrast filter may be determined simply by examining the subject 
through the filter. In using filters in this way, it is important not to 
be misled by color; one must learn rather to look for the effect of the 
filter on the contrast of different parts of the image. 

Filters in Landscape Photography.—Among the chief uses of 
filters in landscape work are for the purpose of : 


1. Securing clouds in the sky and controlling the intensity of the sky. 
With modern orthochromatic and panchromatic materials, only a com- 
paratively light yellow filter is required to darken the sky sufficiently to 
bring out clouds with the proper contrast. The use of yellow contrast, 
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or minus blue filters, darken the sky considerably and increase the con- 
trast between the clouds and the sky. Still greater contrast is obtained 
by using a red filter and panchromatic film or with infra-red material. 
Another application of filters is for the purpose of lowering the bright- 
ness of the sky so as to prevent excessive contrast when near dark 
objects are outlined against the sky. 

In architectural photography, minus blue or orange-red filters are 
sometimes required when photographing white or light colored struc- 
tures outlined against the sky to darken the sky and provide sufficient 
contrast between the buildings and the sky. 

2. To improve rendering of colors of foliage, flowers, etc. Photog- 
raphers have become so accustomed to the incorrect rendering of blue- 
sensitive material, that photographs which correctly portray the lumi- 
nosities of the subject are often regarded as overcorrected. Grass and 
foliage is in general rendered too dark without filters and by not pre- 
serving the proper differences in color luminosities, the effect of aerial 
perspective is destroyed. With modern orthochromatic and panchro- 
matic materials, only light filters are necessary. Care should be taken 
not to overcorrect through the use of filters which are too strong. 

3. To penetrate haze and secure sharp definition on distant objects. 
The intervening haze which obscures distant objects is due largely to 
the scattering effect of particles of water vapor in the atmosphere. The 
scattering effect of these particles of water vapor, at a maximum in the 
ultraviolet, decreases progressively with longer wave lengths. Hence, 
the use of filters which absorb the ultra-violet and violet will result in 
an improvement in the definition on distant objects. With strong 
yellow, orange, or red filters, absorbing more and more of the light 
rays scattered by the particles of dust and water vapor, the definition 
of distant objects is greatly improved. 

In landscape work, the total elimination of haze is not generally 
desirable as the recession of planes due to the effect of the atmosphere is 
destroyed and distant objects are made to appear too close to the 
camera. In mountain work and in telephotography, however, sharp- 
cutting yellow or orange-red filters are decidedly useful and in many 
cases absolutely necessary if satisfactory results are to be obtained. 
The lightest filter generally suitable for work of this kind is the minus 
blue ; that is, a filter which absorbs ultra-violet, violet and blue. Greater 


Mees—Luminosity Filters. Brit. J. Phot. 53 (1906) 430. 
ReNnwickK—Color Values in Monochrome and a New Viewing Filter to As- 
sist in Obtaining Them. Phot. J. 59 (1919) 158, 
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penetration of haze is obtainable with a strong yellow filter, such as the 
Wratten G, or an orange-red filter such as the Wratten A. For maxi- 
mum penetration of haze, infra-red materials should be used with 
appropriate filters. 

Filters in Portrait Photography.—Color filters are not generally 
used in portrait photography, partly perhaps on account of tradition, 
partly on account of the increased exposure required, and partly be- 
cause of the general practice of retouching. 

Flesh values are recorded satisfactorily with modern panchromatic 
materials without the need of a filter. Panchromatic materials having 
a high orange-red sensitivity tend towards the overcorrection of flesh 
values when exposed by clear tungsten illumination. To offset this 
tendency, blue-glass (photo blue) bulbs are frequently employed either 
alone or in combination with clear tungsten illumination. 

Filters in Commercial Photography.—Filters are used in so 
many different ways in commercial photography that no general treat- 
ment of the subject is of much value In general, modern practice is 
to use filters on virtually every colored object except in cases where a 
satisfactory rendering is obtainable without a filter. Both orthochro- 
matic and contrast filters are used depending upon the end in view. 
Generally, strict orthochromatic reproduction is regarded as important 
only if the print is to be colored or if the reproduction of the color 
differences of the original is of paramount importance. In the larger 
number of cases, the aim is to produce in the photograph the degree 
of contrast between the different colors which is regarded as suitable 
for that particular subject. However, a few examples may be useful. 
Panchromatic materials and contrast filters are virtually necessary in 
photographing furniture. It is almost impossible, for example, to 
secure a satisfactory rendering of red mahogany on an ordinary, blue- 
sensitive film or plate, or even on an orthochromatic material except 
with a lengthy exposure, but with a panchromatic material and a red 
filter, the grain of the wood is brought out so clearly as to be almost 
incredible. With yellow woods, such as oak, satinwood and walnut, 
like results will be obtained with a strong yellow filter. Tapestries and 
carpets require either orthochromatic or contrast filters as do colored 
posters, labels, colored maps, sepia-toned photographs, purple violet or 
blue typewriting (green filter), blue print (red filter), stained prints 
(filter the color of the stain), weathered brick buildings (strong yellow, 
orange, or even red filters). 
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Optical Properties of Light Filters——Light filters are produced 
in one of three ways: 


1. By dyeing thin sheets of gelatin with suitable dyes to produce a 
gelatin film filter which may be used alone or cemented between first 
quality glass for greater protection. 

2. By infusing the molten glass or plastic during manufacture with 
suitable coloring materials. 

3. By colored liquids contained in cells of glass or other suitable 
materials. 

The first method is by far the most important. A large number of 
suitable dyes is available and filters having almost any desired absorp- 
tion characteristics may be prepared. The gelatin film is easily dam- 
aged but this is avoided by cementing it between two pieces of glass. 
Filters produced in this manner are quite satisfactory if the cementing 
has been done properly and the glass is flat; the only drawback is that 
heat, moisture or excessive strain may cause the cement to soften, or 
give way, thus producing inequalities in the filter which affect its 
performance. 

The number of colored substances which may be added to molten 
glass in the process of manufacture is rather limited and the production 
of colored glass filters has been hampered: (1) by the difficulty in find- 
ing substances having the required spectral absorption and (2) by the 
difficulty experienced in producing a uniform product. Recently, some 
success has been attained in the use of low temperature plastics in place 
of glass. Colored glass filters are rather more durable than those 
formed by cementing gelatin film between glass, but their absorption 
characteristics are not as well adapted to the requirements of modern 
color-sensitive materials. 

Liquid filters are now seldom employed, except for special purposes, 
owing to their bulk, inconvenience and rapid deterioration. 

Gelatin film filters, owing to their thinness, are practically without 
effect on the definition of the lens. 

For ordinary purposes, filters prepared by cementing the gelatin film 
between carefully selected pieces of optical glass are satisfactory if the 
cementing is done carefully to avoid strains in the glass. To ensure 
satisfaction, however, only filters of the highest repute should be chosen. 
Cheap filters are poor economy ; as filters, they are frequently ill adapted 
to the requirements of modern sensitive materials while the glasses used 
are neither plane nor parallel and the cementing faulty. With long 
focus and telephoto lenses and the large aperture lenses used on minia- 
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ture cameras, it is especially important that only filters of the highest 
quality be used. 

For three-color process work, filters cemented in optical flats and 
tested to work together must be used if three equal-sized images are to 
be obtained. 

The filter may be placed in one of several positions: 


1. Over the light source. This is the usual position in photo- 
micrography and other branches of photography in which small light 
sources are used as in this position the filter cannot possibly affect the 
definition of the lens image. 

2. In front of the sensitive material. This involves the use of larger 
filters than when used over the lens but is the most convenient method 
in repeating backs for making three-color negatives and in tri-color 
cameras. 

3. Between the lens combinations. This position is possible only 
with gelatin film filters. 

4. Before the lens. In general, this is the best position for the filter. 
In this position, it is more accessible and has the further advantage that 
any imperfections in the filter have less effect than if placed behind the 
lens. Moreover, the focal length of the lens, for all practical purposes, 
remains unchanged. This is obviously an important consideration 
when using a filter on cameras focused by scale. 

5. Behind the lens. This position is less suitable than jin front of 
the lens for the reasons mentioned above, and also because placing the 
filter behind the lens displaces the image by a distance which is approxi- 
mately one-third of the thickness of the filter. 

Care of Filters.—Because gelatin filters are easily marked, they 
should be handled as little as possible. The best way to use them is, 
when possible, to place the filter between the combination of the lens 
where it will be protected. Film filters may also be used in caps which 
slip on over the front of the lens, but exposure to moisture will in time 
cause them to cloud. 

Cemented filters should receive the same careful attention as a lens. 
They should be kept clean by polishing them from time to time with a 
piece of lens tissue or silk. If necessary, a clean cloth moistened with 
alcohol may be used to clean the glass surface of a filter. In doing so, 
care should be taken not to allow the alcohol to reach the edges, as the 
cement may be softened, allowing air to enter. Cemented filters should 
be protected from heat because by its softening the balsam, a strain may 
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be set up which may affect the definition of the lens with which the filter 
is used. 

Most filters are quite stable to light; yet excessive exposure to strong 
light should be avoided. 

Polarizing Screens.—While polarizing screens are not color 
filters and only affect the rendering of color indirectly, there is a simi- 
larity in that both are used to control the tone values of a photographic 
image. The term, polarized, as applied to light does not have reference 


Fic. 278. Polarizing Screens (Pola-Screens) for Use Over the Lens. The 
Polarizing Planes of the two screens at the left are parallel while those of the 
two at the right are at right angles (crossed to one another). 


to its color nor its intensity, but to another property which, unlike the 
other two, is invisible and has to do with the way in which a ray of light 
vibrates. Ordinarily, the rays of light from the sun, or a source of 
artificial light, such as a tungsten lamp, vibrate in all directions at right 
angles to the ray itself. When the ray of light is polarized, however, 
the vibrations in all but one direction are cut out. A ray of light which 
is polarized will pass through a polarizing body if the vibration of the 
ray is in line with the vibration plane of the body, but is absorbed more 
and more as the screen is rotated away from this position.® 


5 For a detailed explanation of polarization, see any standard text book on light, 
as, for example, Barton, A Textbook on Light. Longmans (New York, 1939). 
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Polarizing materials have been known for years but not until the in- 
troduction of Polaroid by Land ° was it possible to obtain such material 
in a form suitable for photographic use and at a reasonable price. 
Polaroid combines a polarizing material in the form of minute-rod-like 
crystals parallel to one another, imbedded in a sheet of plastic. For 
photographic use, the sheet material is cemented between glass plates. 
Two types of polarizing screens are now available for photographic 
purposes; one for general use over the lens, the other for use over the 
light source. : 

Light which is polarized in one plane is fairly common; for example, 
light from a clear blue sky at a right angle to the sun’s rays is strongly 
polarized, and when this sky light is reflected from water, the reflected 
light is also polarized. In addition, light specularly reflected from any 
non-metallic surface at an angle of approximately 32° to the surface is 
strongly polarized by the reflection. A lesser amount of polarization is 
produced at other angles of reflection, and none at zero or at an angle 
of 90°. 


Polarizing screens over the lens alone are useful for: 


1. Controlling the brightness of the sky. A polarizing screen placed 
over the lens enables the brightness of a clear blue sky to be darkened 
as desired simply by rotating the screen until the effect desired is ob- 
tained. The use of polarizing screens for controlling the brightness of 
the sky has the advantage over filters in that (1) the color rendering of 
the objects in the foreground is not altered, (2) filters may be used 
independently to secure the desired effect in the forground, and (3) 
the effect produced by the polarizing screen is easily determined from 
the appearance of the image on the ground glass or in the finder. 

Polarizing screens, however, are ineffective when photographing 
against the sun or directly away from it, or when the sky is overcast. 
The maximum effect is obtained when the sun is to one side of the 
camera at a right angle to the optical axis of the lens. 

2. Control of Contrast. The use of polarizing screens makes it pos- 
sible with certain subjects to control the relative brightnesses of dif- 
ferent parts of the image without changing the lighting. Among the 
subjects offering such possibilities are the walls and roofs of Mea 
sunlit water, wet pavements, etc. 

3. Photographing through glass or water and to control reflections. 
Reflections from glass, water, linoleum, polished woods, glass tile, 


6 Land, U.S.P. 1,918,848; 1,951,664; 1,956,867; 1,989,371. 
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painted and lacquered surfaces, leather, fabric and other non-metallic 
reflecting surfaces can be removed to show detail beneath by the use 
of a polarizing screen over the lens if the camera angle and the illu- 
mination are at an angle of approximately 30° to the surface. At other 
angles, the reflections may be partially but not entirely removed except 
at an angle of 90° when the polarizing screen is ineffective. 

4. As a neutral density filter. Two polarizing screens used together 
in front of the lens form a variable neutral density filter with a density 
range of from 0.5 to 2.8 (transmission 32% to 0.16%). . 

The use of a polarizing screen over the lens necessitates an increase 
in exposure of approximately four times with panchromatic and six 
times with orthochromatic material, but this exposure factor is the same 
for all positions of the screen. 

When the light reaching the subject is polarized by means of polar- 
izing screens placed over the light sources and a second polarizing 
screen is placed over the lens, the position of the camera and light 
source is not limited to a single effective angle as is the case when a 
single polarizing screen is used over the lens. Thus, by using polarizing 
screens over both the light sources and the lens, the commercial photo- 
grapher is enabled to eliminate or at least greatly subdue troublesome 
reflections when photographing such subjects as oil paintings, carved 
and polished wood, lacquered surfaces, articles in transparent wrap- 
pings, glass, clinical specimens, in copying photographs on rough-luster 
papers, etc. The exposure is increased considerably but in most cases 
this is of no consequence. 


McFarLaNE AND TutTtLE—Photographic Possibilities of Polarized Light. 
J. Soc. Mot. Pict. Eng. 25 (1935) 69. 

McFar_ane—Demonstration of Photography by Polarized Light. J. Soc. 
Mot. Pict. Eng. 26 (1936) 679. 


CHAPTER XVI 
NEGATIVE MATERIALS 


In this chapter, negative materials will be discussed first from the 
standpoint of the support on which the sensitive emulsion is coated, 
namely, glass plates, film and paper, then from the standpoint of color 
sensitivity, after which the choice of negative materials for different 
purposes, specialized negative materials and the storage of sensitive 
products will receive consideration. 

Glass Plates.—Glass has been used as a support for light sensi- 
tive layers since the earliest days of photography, and not until the in- 
troduction of the nitrocellulose film base in 1889 was its supremacy 
questioned. Today, glass plates have largely been superseded by film, 
but in certain specialized fields of photography in which the dimensional 
accuracy of the image is an important factor, as in spectrography, 
astronomy, in half-tone photo-engraving, glass plates are still employed. 

Glass for photographic purposes must be clear, free from color, bub- 
bles, striae and other imperfections and reasonably flat. Its thickness 
must, in general, increase with the size of the plates. For certain pur- 
poses, such as spectrography, light weight glass with a high degree of 
flexibility must be used, as the plate must be bent to fit the exposure 
plane of the holder in order to secure a sharp image of the spectrum. 
Small plates must usually be on thin glass to adapt them to the thin 
metal plate holders used in small cameras. On the other hand, the large 
plates required in photo-engraving are coated on heavy glass to prevent 
curving in the holder, which would affect the defintion of the half-tone 
image. 

In any case, an emulsion coated directly on glass has a tendency to 
frill when wet or to strip off when dry. The surface of the glass, 
therefore, must first be treated to obtain good adhesion of the emulsion 
layer. Glass plates are commonly given a substratum consisting of a 
thin coating of gelatin strongly hardened by chrome alum or a chemical 
etching method may be employed. 

Glass plates are coated with emulsion by a machine (Fig. 279) which 
spreads a thin and uniform layer of emulsion over the glass plates as 
they are conducted past the coating apparatus on a moving belt. Sev- 
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eral coating devices have been described in the literature. In one of 
the earliest machines the emulsion simply flows over the lips of a long, 
narrow trough onto the glass plate. The emulsion must, of course, be 
kept at a suitable temperature in order that it may flow readily. In 


ae. i 


Fic. 279. Diagram Showing Principle of Plate Coating Machine. (From Baines. 
British Journal of Photography.) 


another machine described by Cadett, the arrangement is very similar 
except that directly behind the trough from which the emulsion issues 
is a light-weight roller which acts as a spreader and smooths out the 
layer of emulsion on the plates. In still another machine, described by 
B. J. Edwards, the emulsion was contained in a long trough the width 
of the glass to be coated. In this trough a glass cylinder is revolved. 
A scraper, or squeegee, on one side of the cylinder removes the emulsion 
carried around the cylinder and allows it to drain down onto the glass 
plate.t 

After being coated with the emulsion, the plates are carried on a 
movable belt through a cold chamber or compartment in which the 
emulsion. is chilled and set to a gel. Upon reaching the end of the 
conveyor system, the plates are removed and dried under controlled 
conditions. 

Glass plates are ordinarily packed in boxes of one dozen with the 
emulsion sides facing in pairs. In America, plates are usually packed 
in three-part boxes for added protection, while British and foreign 
plates are generally packed in a box with a single cover and the box 
enclosed in a sealed paper wrapper. The emulsion side of glass plates 
may be identified by the reflection of the safelight in the glass side or, 
when loading holders in darkness, by remembering that the odd- 


1 Smith, Eder’s Jahrbuch, 1892, p. 385; Cadett, B.P. 9,886 of 1886, and 13,725 
of 1887; Edwards, Phot. News 1884, p. 541. 
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numbered plates face emulsion side down and the even numbers: face 
up,-or by slightly moistening the lips and applying to one corner of 
the plate. The lips will adhere slightly to the coated side. 

Film, The Base.—When cellulose in the form of cotton linters 
or wood pulp is treated with nitric acid or acetic anhydride in the pres- 
ence of suitable catalysts, or dehydrating agents, cellulose nitrate or 
cellulose acetate is formed. 

The purer forms of cellulose have an empirical composition which 
corresponds to (C,H,,O;). Chemists have shown by combined acety- 
lation and hydrolysis that cotton forms the octacetate of cellobiose, 
a dissacharide composed of two glucose units. The cellulose molecule 
consists of long chain of glucose units which are linked together by 
1-4-glycosidic oxygen bonds. According to Haworth,? the formula 
for cellulose is: 


glucose unit 


a 
CH,0H 


cellubiose group y 


Staudinger * found that the degree of polymerization of cotton, as glu- 
cose units, is approximately 750 and since each glucose unit has a 
combined atomic weight of 162 the molecular weight for cotton cellu- 
lose is in the order of 120,000. Polymerization values for other cellu- 
loses reported by various investigators range from 10 to 3000, indicating 
particle weights of 1600 to 450,000. 

It should be noted that the cellulose molecule is made up of glucose 
units and that each unit contains three OH, hydroxyl groups, which 
may become involved in esterification. 


2 Haworth, J Soc. Dyers and Colorists 50, Jublilee issue. 
3 Staudinger and Jurish, Kunstseide (1) 21 (1939) 6-9. 


SUTERMEISTER—The Chemistry of Pulp and Paper Making. Wiley (1941) 


pp. 11-19. 
GitMAN—Organic Chemistry—An Advanced Treatise, Vol. II. Wiley 
(1938) pp. 1535-1583. 
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Esterified cellulose may exist in two forms: (1) fibrous, in which the 
form of the fiber is retained and (2) dope, in which the surface of the 
fiber dissolves as esterified and forms a solution. 

Cellulose Nitrate.—If cellulose is treated with nitric acid, cellu- 
lose nitrate and water are formed. Since the presence of water causes 
the reaction to be reversible it is necessary to introduce a strong de- 
hydrating agent, as sulfuric acid. 


(CgH;O2(OH)s), of 3xHNOs = (CgH702(NOs)3)z + 3xH,O 
Glucose Unit 


In dealing with reactions of cellulose, one does not consider the entire 
molecule but speaks in terms of single glucose unit. Nitration is com- 
plete if there are three nitrate groups per glucose unit and partial if 
the average number of nitrate groups per unit is less than three. 
Based on the percent of nitrogen per glucose unit, cellulose nitrates may 
be considered to be mono, di, or tri nitrates. if they contain 6.77, 11.13, 
or 14.16% nitrogen, respectively. 

Properties of cellulose nitrate vary with the cellulose used and with 
conditions of nitration. Chain lengths for cellulose nitrate range from 
200 to 3000 glucose units. The solubility depends on the degree of 
nitration. Viscosity of nitrate solutions varies with both the source of 
cellulose and the conditions of nitration. The relation between the de- 
gree of polymerization of original cellulose and that of the final product 
is important. 

Cellulose containing two and a fraction nitrate groups per glucose 
unit, 11 to 12.4% nitrogen, is known as pyroxylin and because of its 
solubility, flow, adhesion, and compatibility with suitable solvents is 
used for manufacture of film base. 

Amor * gives as a. typical nitrating mixture: 


60% sulfuric acid 
20% nitric acid 
20% water. 


The cotton linters are nitrated at 40° C. for 20 minutes under conditions 
of constant agitation. The resulting product is washed, neutralized and 


4 Amor, Phot. J. 78 (1938) 459. 


SHEPPARD AND Newsome—Film Formation with Cellulose Derivatives. J. 
Soc. Chem! Ind.956(1937))) 1: 

SHEPPARD—The Removal of Free Acid from Nitrocellulose. J. Ind. Eng. 
Chem. 13 (1921) 1017. 


CELLULOSE ACETATE oe 479 


bleached. For safety in storage, cellulose nitrate is moistened with 
alcohol and kept in metal drums. 

Cellulose Acetate-—As organic acids do not react satisfactorily 
with cellulose, organic esters of cellulose are prepared commercially by 
treating the cellulose with a mixture of an acid anhydride, as esterifying 
agent; an organic acid, as diluent; and an inorganic acid, as catalyst. 
Cellulose acetate is produced by treating cotton linters with a mixture 
of acetic anhydride, glacial acetic acid and a catalyst, as sulfuric acid. 


(CeH7O2(OH)s3)z + 3.(CH3CO)20 
= (Cs6H7O2.(OCOCHS)s), + 3,CH3;COOH. 


By. partially hydrolysing the triacetate first formed, with acetic acid 
and water, a product is obtained which contains 35 to 40% acetyl, or 
two and a fraction acetyl groups per glucose unit. This product was 
found by Miles to dissolve in acetone and form stable films on evapora- 
tion. : 

Important steps in the manufacture of the acetate are: acetylation, 
hydrolysis, precipitation in water, neutralization, washing, centrifuging 
and drying. 

Because of its slow rate of burning, cellulose acetate is used in manu- 
facture of the so-called “safety film.” 

Photographic film base is made by combining the cellulose ester or 
esters with suitable solvents, a plasticizer, and stabilizers. The function 
of the solvents is to dissolve the ester and permit a thin layer to form 
and dry. The addition of the plasticizer ensures flexibility and elas- 
ticity. 

Films are formed from the cellulose ester solutions or “dope”: (1) 
by allowing the solvent to evaporate, or (2) by coagulation with a 
non-solvent that is miscible with solvents used. Solutions used for 
coating are concentrated and very viscous. They are allowed to flow 
to a limited degree. Actual thickness is governed by means of scraper 
or “doctor.” 

The base is usually cast by spreading the dope in a uniform layer on 
a large heated chromium faced drum which rotates slowly allowing the 
solvent to evaporate and the base to dry sufficiently so that it can be 
scrapped off in a continuous sheet before the drum has made a com- 


ScHLOTTER—The Chemistry, Manufacture and Uses of Nitrocellulose. 
Chem. Met. Eng. 25 (1921) 281. 

WorpeNn—Technology of Cellulose Ester. Van Nostrand (1921) Vol. VIII 
Ppi2oI5, 250/. 
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plete revolution. The base is dried and then wound into rolls up te 
60 inches wide and 2000 feet long. Actual thicknesses of film base 
ares: 


Rol piliaiesae ocactetesotetrste ac otarcars severe slotlaerets 85 microns * 
Motions pictunentiliiimescmieieccresiclssieicisie 140 microns * 
(Groene roe ney asi mole A Om iomereclorara OCI re 200 microns * 


Important properties of the finished base are: transparency, flexi- 
bility, elasticity, tensile strength, thickness, moisture adsorption, low 
inflammability and freedom from specks. 

Two types of film base are manufactured: cellulose nitrate and 
safety base. The latter is made from cellulose acetate, cellulose acetate 
propionate, cellulose acetate butyrate and in certain cases viscose. 

Cellulose Nitrate Film.—The base is prepared from nitrated 
cotton containing 11 to 12.4% nitrogen. The ester used must be stable 
and readily soluble in suitable solvents. 

Nitrate film dope is made by dissolving the nitrated cotton in a 
mixture of solvents, as methyl, ethyl or butyl alcohol, ether, acetone, 
ethyl or amyl acetate. A plasticizer like triphenyl phosphate or camphor 
is added. The amount of plasticizer used varies but for camphor it is 
usually 5 to 15% of the weight of cellulose nitrate. After filtering, 
the dope is ready for coating. 

Formulas for the composition of film base are secrets among the 
manufacturers. However, Reviere and Clément *® give the following 
formula for coating on a rotating drum: 


Gelluloseiuitnatemeen. shee ee ae 17.75% 
PANGAN ME ysihla 3.c1b ARNO Rene OER ao LA Rane 88.00 % 
Ammivillivalcoliollgess apiaeuy seer tet cists tices ore 1.00% 
(Ganip lo camer Pyne t Arts nsa ea ee Mere 3.25% 


Castor oil may be added in an amount not to exceed 5% of the nitrate. 


5 Parker, Handbook of Photography. McGraw-Hill (1939) Ch. IV p. 123. 
6 Clement and Reviere, La Cellulose et les Ethers Cellulosiques, Paris et Liege 
(1936). 


CLaRK—In Thorpe’s Dictionary of Applied Chemistry. Longmans, New 
York, 4th ed. (1938). Vol. II, pp. 446-456. 

WENTZEL.—Die Photographische, Chemische Industrie. Theodor Steinkoff, 
Dresden (1926) p. 91. 

TueisEN—The History of Nitrocellulose as a Film Base. J. Soc. Mot. Pict. 
Eng. 20 (1933) 259. 

Dip1£eE—Raw Film and Its Constituents. Tech. Cinemat. 8 (1936) 775; 9 
(1937) 831. 

Bionsk1—Various Methods for the Production of Film Base. Photo-Kino. 
Ind. 1 (1934) 72, 
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Safety Base.—According to Hageborn and QOssenbrunner,’ an 
acetate film dope may be prepared by dissolving cellulose acetate con- 
taining 52.4 to 56% acetic acid in a mixture of chloroform, acetone, 
acetylene tetrachloride or methylene chloride and a plasticizer as 
dibutyl, tricresyl or triphenyl phosphate. 

Ulman ® gives the formula for a dope which contains 12 to 16% 
cellulose acetate and a plasticizer as triphenyl phosphate equal to 40% 
of the acetate. Acetone is preferred as the solvent, although other 
solvents as methyl acetate, methyl formate, amyl and ethyl acetates, 
chlorinated hydrocarbons, and di-acetone alcohol may be used. 

Nitroacetate Safety Film.—lI{ the nitrate content of a film base 
is reduced, the danger of explosion by ignition is lessened and the rate 
of burning is decreased. Safety films which are non-inflammable have 
been prepared by two methods: (1) Denitration of cellulose nitrate— 
by replacing part of the nitrate with acetate or acetyl groups; (2) The 
use of mixtures of cellulose acetate and cellulose nitrate.® 1° Films 
made by the first method have not been particularly successful in- 
dustrially. Films obtained by mixing the two cellulose esters have 
better technical qualities and greater mechanical resistance than those 
containing only cellulose acetate. 

Goldman and Sherman *! have shown that the rate of burning of a 
cellulose film base is.a linear function of the cellulose nitrate content 
and is also influenced by nature of the plasticizer used. According to 
their claims, nitroacetate films containing 20 to 30% cellulose nitrate 
and a phosphate plasticizer are safe. 

Non-Deforming Film.—Film used for aerial photography should 
not deform, change in dimensions, when subjected to changes in tem- 
perature and humidity. 

With the introduction of acetate film about thirty years ago, cellulose 
nitrate film has been gradually replaced with cellulose acetate. Dis- 
advantages of early acetate film were: low tensile strength, greater 
brittleness under dry conditions, and a ereater susceptibility to mois- 
ture. Distortion with humidity changes was the chief objection to the 
use of acetate film for aerial topographic mapping. The advantages of 
acetate film over nitrate film are low fire hazard, and greater stability 


7 Hageborn and Ossenbrunner, U.S.P. 2,071,462. 

8 Ulman, Azetyl Zellulose, Folien und Filme, Halle (Saale) 1932. 
9 Goldman, Soviet Kino Photo Ind. 4 (1936) 35. 

10 Kodak Pathe, F.P. 834,554 (11-24-38). 

11 Goldman and Sherman, Photo. Kino. Chem. Ind. 6 (1935). 
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under ordinary conditions of storage. Intense study on the methods 
and control in manufacture has made possible the production of 
acetate film which on the basis of shinkage and distortion is as satis- 
factory as nitrate. The susceptibility of aero safety film for water is 
no greater than that of aero nitrate film. It shows the same degree of 
uniaxialism.’” 

Charriou and Vallette’® claim to have produced non-deforming 
films with a base of cellulose triacetate containing 60% acetic acid with 
25% triphenyl phosphate dissolved in methylene chloride and ethyl 
alcohol. They state that the linear dimensions of a gelatin coated sup- 
port, even after soaking for some time, did not exceed 0.015%. 

Substratum Coating.—As emulsion will not adhere to film base, 
subcoating is necessary to prevent frilling of the gelatin layer when wet, 
or stripping when dry. Since hardened gelatin, as used for glass plates, 
does not adhere to film base, it is necessary to use a mixture of gelatin 
with an organic solvent of film base, such as acetone, ethyl acetate or an 
alcohol-ether mixture. Gelatin is insoluble in these organic solvents 
and the base is insoluble in water, but it is possible to prepare solutions 
consisting of gelatin and cellulose nitrate, or acetate, dissolved in a 
mixture of one of the organic solvents and water. The film base is 
coated with a thin layer of this and then dried. During drying, the 
organic solvents and water evaporate, depositing on the film base a 
surface layer of gelatin and cellulose nitrate or acetate. The cellulose 
nitrate deposited results in good adhesion of the substratum coating to 
the film base, while the gelatin present ensures good adhesion of the 
emulsion. 

Film Coating.—Film base is coated with emulsion in rolls vary- 
ing in width from 36 to 45 inches, and in lengths of 1000 feet or more. 
The principle employed is to pass the film base underneath a roller 
through the emulsion which is contained in a long shallow trough heated 
to the proper temperature to maintain the emulsion at the proper con- 
sistency for coating (Fig. 280). 

12 Carver, Photogram. Eng. 4 (1938) 223-225. 

13 Charriou and Vallette, Phot. J. 74 (1936) 31. 


Fucus—Preliminary Preparation of Photographic Layers. Phot. Ind. 34 
(1936) 552, 554. 

CHARRIOU AND VALETTE—Adhesion of Photographic Emulsion to Cellulose 
Acetate Supports. Sci. et. Ind. Phot. (2) 8 (1937) 99. 

KozLtorr—Mechanism of Adhesion of the Emulsion to the Support. Proc. 
international Congress of Photography, 1935. 

Use of Synthetic Resins, see B.P. 470, 565 and B.P. 478, 357. 
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The quantity of emulsion applied per unit of surface is very im- 
portant, since the coating weight affects the photographic quality of the 
sensitive material. Not only is it essential that the coating be of the 
proper thickness, but it must be uniform over both the width and the 
length of the roll and from one roll of base to another. Coating weight 
depends on several factors, chiefly the speed of the machine and the 
viscosity of the emulsion, and must be carefully watched. 


Fic. 280. Diagram Illustrating Principle of Trough and Doctor-Roller Coat- 
ing Machine Use for Coating Film Base and Paper. (Baines, British Journal 
of Photography.) 


From the coating machine, the film is conducted over chilled drums, 
or through a “chill box” containing refrigerated air, in which the emul- 
sion sets. to a gel. The band of film is then conducted by automatic 
machinery to the drying room where, moving constantly in loops, it 
is dried by clean air of the proper temperature and relative humidity. 
Drying is a very important operation as lack of uniformity in drying 
results in a variation in sensitiveness, while improper drying conditions 
may seriously affect the quality of the product in other ways. 

Special Coatings.——Film base, which has a high degree of flexi- 
bility, curls badly as the emulsion dries because of the contraction of 
the gelatin. This curling is counteracted by treating the opposite side 
of the base so as to cause it to contract equally, but in the opposite 
direction. In roll film and sheet film, this so-called non-curl coating 
usually consists of gelatin while in motion picture film the back of the 
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film is treated with solutions of certain cellulose esters which have the 
same effect, and in some cases, tend to reduce the liability of static 
electrical discharges upon the unwinding of the roll. 

On sheet and roll film, dyes which absorb light but are decolorized 
by the processing solutions, may be added to the gelatin coating applied 
to the rear of the film base to produce a non-halation backing. In 
motion picture film, where a dye backing would be objectionable, non- 
halation properties are obtained by the addition of suitable light absorb- 
ing material to the film base itself producing what is termed, gray 
base film. 

If a sensitized surface, whether film, paper or glass plate, is subjected 
to surface friction, or abrasion, the portions affected by the stress are 
made developable, or in some cases, partially desensitized. This is a 
surface effect which can be prevented in a considerable degree by apply- 
ing a thin layer of gelatin over the emulsion, the protective or super- 
coating forming what is sometimes called a non-abrasion layer or 
coating." 

Sheet or Cut Film.—Sensitized film in cut sizes for use in film 
holders or in plate holders with film septums is termed sheet film or cut 
film and has largely replaced glass plates. The thickness of the base is 
usually several times as great as for roll or other film, to reduce curling 
and maintain flatness in the usual form of holder. Sheet film is usually 
packed in boxes of one dozen with the emulsion sides all facing the 
same way, the films being separated from one another by sheets of black 
paper. The American practice is to indicate the emulsion side and the 
type of film by notches in one side of the sheets. These are placed so 
as to be in the upper right hand corner when the emulsion side faces the 
observer. The number and shape of the notches indicate the type of 
film, 


Fic. 281. Spooling of Daylight Loading Roll Film. 
14 BP, 450,220 of 1936, 
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Roll Film.—The manner in which roll film is made daylight 
loading is shown in Fig. 281. The strip of film is attached at one end 
with an adhesive sticker to a long strip of 
opaque paper. Then, when the film is UNExPoseo f/ 
wrapped around the spool, the end of 
the paper strip protruding beyond the _ sressure 
film protects the film from light so that 
it may be placed in the camera in daylight. 

The strip of paper extending beyond the 

other end of the film strip operates in Serine — 
the same way to permit removal of the 
film from the camera in daylight. 

Film Pack.—The principle of the film 
pack is shown in Fig. 282. Twelve cut 
films each attached to an opaque black 
paper tab are placed in a metal or card- — Srene” 
board container: The ends of the paper sie 
tabs project from the top of the pack and 
by pulling out the tab the film is trans- 
ferred from its position at the front of 
the pack to the rear section. In front of ee EY a 
the pack is an opaque black paper “safety = G,o5s-Section of Film Pack 
cover” which protects the films from light Showing Construction. 
until the pack is placed in the camera, 
or in the light-tight adapter. This safety cover is transferred to the 
rear of the pack by pulling out 
the safety tab before the first ex- 
posure is made. When the last 
exposure is made, the pack is 
rendered light-tight by the center 
partition which is now in front 
in the position occupied in the 
beginning by the safety cover. 

Cartridge Film.—Perforated 
35 mm. roll film is ordinarily 
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f EXPOSED 
Ys FILM TORN 
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. 
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LIGHT LOCK 
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supplied for use in miniature 
cameras enclosed in daylight load- 
ing metal cartridges consisting of 
an inner spool and an outer container or cartridge (Fig. 283). The 
film transport mechanism of the camera is threaded with the strip of 


Fic. 283. Film Cartridge for 35 mm. 


Film for Use in Miniature Cameras. 
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film projecting from the cartridge and the camera closed. With each 
successive exposure, the film is drawn through the narrow slit in the 
side of the cartridge and wound up on the take-up spool within the 
camera. When the last exposure has been made, the film transport 
mechanism is reversed and the film wound back into the cartridge con- 
tainer which may be removed from the camera in daylight. 

Paper.—Paper is used as an emulsion support chiefly for posi- 
tive rather than negative materials. As far as the latter are concerned, 
the use of paper as a support is confined almost exclusively to (1) 
photocopying papers of the type used in the Photostat, Rectigraph and 
similar equipment, (2) as a base for emulsion layers which, after 
processing, are stripped from the support and transferred to glass (strip 
film for lithography and other graphic arts processes) and lastly, (3) 
direct positive materials in which the negative image is reversed to a 
positive in processing. These specialized materials will be discussed 
under that heading later in this chapter. 

The paper base employed for such purposes is invariably made espe- 
cially for photographic purposes. Among the major requirements are 
a high degree of freedom from all foreign substances which would 
affect the emulsion and physical strength to withstand the various proc- 
essing baths. Some of these are acid, some alkaline and the paper stock 
must have the physical strength to withstand these changes as well as 
the temperature changes, prolonged washing and handling which photo- 
graphic papers ordinarily receive 1n practice. 

The paper is usually coated or “sized” before the emulsion is applied. 
This coating may consist of hardened gelatin or baryta-barium sulfate 
in gelatin. The purpose of such coatings is to ensure satisfactory ad- 
hesion of the emulsion and to act as an insulating layer between the 
paper base and the emulsion preventing too great an absorption of the 
emulsion by the paper stock. 

Types of Color Sensitive Materials——The variation in sensitivity 
with the wave length of the radiation to which the film, or plate, is 
exposed is termed spectral or color sensitivity. There is a wide varia- 
tion among negative materials in this respect; however, it is usual to 
consider all photographic materials designed for use in the visible region 
as belonging to one of three classes: (1) ordinary, or blue-sensitive, (2) 
orthochromatic, or less frequently, tsochromatic and (3) panchromatic. 

1. Blue-sensitive Materials. The spectral sensitivity of materials of 
this class ends for practical purposes at a wave length of approximately 
500 millimicrons. Materials of this type, therefore, respond only to 
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violet and blue, and are practically insensitive to such visually brilliant 
colors as green, yellow, orange and red. In this class belong all films 
and plates which are not rendered sensitive to radiation of longer wave 
lengths through the addition of a sensitizing dye. (Chapter VII.) 
This includes all developing papers, lantern slides and transparency 
plates and films and some negative materials. 

2. Orthochromatic and Isochromatic Materials. Photographic ma- 
terials sensitive to yellow as well as to violet and blue are termed ortho- 
chromatic, i.e., true color, or isochromatic, i.e., equal color. Ortho- 
chromatic or isochromatic plates and films are practically insensitive to 
radiation of wave lengths longer than 600 millimicrons; they do not 
respond, therefore, to spectral orange or red. However, since most 
natural reds reflect some green and yellow, red is rendered lighter than 
with a blue-sensitive material. 

In Fig. 284 is shown the spectrogram of an orthochromatic material 
sensitized with erythrosin (see p. 250). Erythrosin was used widely 
as a sensitizer for orthochromatic materials until a few years ago, so 


Fic. 284. Wedge Spectrogram of Orthochromatic Material Sensitized 
with Erythrosin. 


that the spectrogram shown may be regarded as fairly representative 
of the older orthochromatic films and plates on the market. 

The discovery within recent years of more efficient sensitizing dyes 
has made possible orthochromatic materials with a higher green and 
yellow sensitivity than were possible with erythrosin. Some of these 
are shown in Fig. 285. It will be noted that with the newer dyes not 
only has the sensitivity to green and yellow been increased, over that 
obtained with erythrosin, but that the depression near a wave length 
of 550 millimicrons has almost completely disappeared. 

3. Panchromatic Materials. Until about 1925, the dye most com- 
monly used for panchromatic materials was pinacyanol (Fig. 286). 
Few such materials are now available commercially, having been super- 
seded by new films and plates employing the more efficient sensitizing 
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dyes which have been discovered since that time (see Chapter Miley: 
There is considerable diversity in present day panchromatic materials, 
both with respect to color sensitivity distribution and the variation in 
gamma with the wave length region used for the exposure. This varia- 


Fic. 285. Wedge Spectrograms of Typical Orthochromatic Materials. 


tion in contrast when filters are used, while of particular importance 
in three color photography, is sufficiently marked in some cases to be 
of some concern in ordinary photography. There are, however, prac- 
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Fic. 286. Wedge Spectogram of Panchromatic Material Sensitized 
with Pinacyanol. 


tically no specific data on this subject so far as commercial panchro- 
matic films and plates are concerned. 

Wedge spectrograms illustrating the distribution of color sensitivity 
for several typical panchromatic materials are shown in Fig. 287. At- 
tention is again called to the fact that, while useful for comparative 
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purposes, wedge spectrograms should not be accepted as representing 
the actual distribution of sensitivity with wave length and may lead to 
erroneous assumptions respecting sensitivity, unless consideration is 
given to the conditions discussed on p. 438. 
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Fig. 287. Wedge Spectrograms of Typical Panchromatic Materials. 


Factors Affecting the Choice of a Sensitive Material—Some of 
the considerations involved in the selection of a negative material for 
a specific purpose are outlined below. The order of importance natu- 
rally varies with the use made of the sensitive material. 

1. The permissible time of exposure; i.e., the speed of the material. 

2. The requirements of the subject as respects the rendering of color; 
i.e., color sensitivity. 

3. The degree of contrast required in the negative; i.e., maximum 
useful or readily attainable gamma. 

4. The sharpness required of the image; i.e., image sharpness, resolv- 
ing power, halation. 

5. Time required in processing. Important in press photography and 
certain other fields. 


15 Color photography constitutes a special case and will be discussed later. 
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6. Ability to withstand processing solutions at a relatively high tem- 
perature; i.e., freedom from frilling, softening, etc. 

7. Graininess of the developed image. Graininess varies with de- 
veloping conditions but is an important emulsion characteristic. 

8. Useful exposure range; i.e., the ability to properly reproduce a 
subject with an extended brightness range and an important factor in 
exposure tolerance. 

Sensitive Materials for Portraiture.—Sensitive materials for por- 
traiture must have a long scale of gradation, high speed, reasonably fine 
grain and medium contrast. 
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Fic, 288. D log E and Time-Gamma Curves of a Negative Material Designed 
for Portrait Photography. 


The sensitometric characteristics of a typical negative material for 
studio portraiture are shown in Fig. 288. Both ordinary (blue-sensi- 
tive) orthochromatic and panchromatic materials are in use but color 
sensitive materials are to be preferred because of the superior rendering 
of flesh values (which eliminates a large amount of the retouching neces- 
sary with blue-sensitive materials), the improved color rendering of the 
hair, eyes, lips and dress colors and lastly the higher speed when arti- 
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ficial light is employed. High speed orthochromatic materials are pre- 
ferred by many especially when clear tungsten lamps are employed as 
producing better rendering of skin textures than panchromatic mate- 
rials and permitting development by a red safelight. 

Panchromatic materials are widely employed, however, both with 
photoblue and clear tungsten lamps, electric arcs as well as with day- 
light. In Fig. 289 are shown comparative photographs of a typical por- 
trait subject on blue-sensitive, high speed orthochromatic, and ortho- 
panchromatic materials with incandescent clear tungsten illumination. 

Sensitive Materials for Press Work.—Films and plates for press 
work must be of high speed, for much press work must be done under 
unfavorable light conditions, should ‘develop rapidly and produce con- 
trast readily, have a fine grain and be physically hard, to withstand 
forced processing and drying. 

The sensitometric characteristics of a typical high speed negative 
material, designed particularly for press photography, are shown in 


Fig. 290. 
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Both ordinary (blue-sensitive) orthochromatic and panchromatic 
materials are in general use with the tendency towards the last men- 
tioned due to its greater speed with tungsten illumination. Both plates 
and sheet film are in general use although it would appear that glass 
plates will in time be superseded by film on account of its lesser weight, 
freedom from breakage and general convenience. 

Materials for Landscape Photography.—In general, color sensi- 
tive materials are preferred for landscape photography although for the 
atmospheric effects of early morning or late afternoon, ordinary (blue- 
sensitive) materials are favored by some as emphasizing the atmospheric 
effect. However, if the proper rendition of the colors of the subject or 
of clouds, is desirable, color sensitive materials are a necessity. Since 
brilliant reds are rare in the average landscape, orthochromatic materials 
are suitable although equally satisfactory results are obtainable on pan- 
chromatic materials with lighter filters and usually with less exposure. 

For distant views, mountains, scenery, and in aerial photography, 
panchromatic materials with a strong yellow, orange-red or red filter 
are required (p. 467). Still greater penetration of haze is obtained 
through the use of infra-red sensitive materials and suitable filters. 

Sensitive Materials for Commercial Photography.—Commercial 
photography covers an exceedingly wide range of subjects and no one 
type of sensitive material is suitable for all. 

For illustrative work with models, panchromatic materials of high 
speed and brilliant gradation of the types shown in Fig. 288 and Fig. 290 
are preferred by most photographers. Materials of this character are 
also favored for interiors, show windows, flood-lighted buildings and 
other subjects in which the time of exposure is a consideration, or if 
the subject is one with extremes of contrast. 

For exteriors, architecture, etc., orthochromatic or panchromatic ma- 
terials of medium speed, brilliant gradation and a reasonably fine grain 
are preferred. 

Sensitive materials producing still greater contrast are generally pre- 
ferred for still-life including packaged goods, furniture, decorated 
china, tapestries, machine parts and general catalog work. The sensi- 
tometric characteristics of a typical “commercial”? panchromatic film 
are shown in Fig. 291. 

Since extremes of contrast and bright reflecting surfaces are met 
with frequently in commercial photography, films or plates which have 
been backed to reduce halation are advisable. 
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Fic. 291. D log E and Time-Gamma Curve of a Commercial 
Panchromatic Material. 


Sensitive Materials for Copying.—A medium speed, fine-grain 
film or plate of brilliant gradation is to be preferred for the copying of 
photographs and other continuous tone originals in black and white. 
Ordinary (blue-sensitive) materials are satisfactory with black and 
white originals unless the paper base is discolored when a color sensitive 
film or plate and a suitable filter should be employed. Sulfide and other 
toned prints, or prints which are yellow stained as a result of age, re- 
quire a panchromatic material and filters. 

Films and plates designed for photographing line drawings, printed 
matter and other “line” or “process” subjects must produce high density 
and contrast, have high resolution, that is, be able to separate fine lines 
and have a short exposure range. Sensitometrically, such a material is 
represented by a characteristic curve having a steep straight line portion 
with a short foot, or toe, and a high maximum density (Fig. 292). 
Blue-sensitive materials are suitable for line subjects in black and white 
but for colored maps, plans in color, blueprints, colored typing, etc., a 
process panchromatic material must be used. 
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Sensitive materials of the process type for use in photo-reproduction 
processes and for micro-copying, will be referred to in a later section, 
“Specialized Negative Materials.” 
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Itc. 292. D log E and Time-Gamma Curve of a Representative Process Material. 


Sensitive Materials for the Miniature Camera.—The growth in 
the popularity of the miniature camera in the past decade has been due 
quite as much to the development of emulsions especially suited to its 
requirements as to the appeal of the camera itself. Modern fine-grain 
emulsions have in reality made the miniature camera practical, for with- 
out them, users of such cameras would be restricted to comparatively 
small pictures. 

The fact that the miniature camera negative must be greatly enlarged 
and that the resulting print must compare favorably with a contact print 
of the same size, makes it imperative that the emulsion be capable of 
recording the detail of the image produced by the lens. To meet this 
stringent requirement, an emulsion must have exceptional image sharp- 


Hicson—The Emulsion for a Process Plate. Phot. J. 59 (1919) 266. 
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ness, high resolving power and fine grain. So much attention has been 
given to the latter requirement, that the other two are in danger of 
being overlooked, but the ability of the emulsion to sharply define fine 
detail—which depends principally on these two factors—is obviously no 
less important in a film for miniature camera work than the graininess 
of the image. 

A thin emulsion coating has a favorable influence on image sharpness, 
and resolving power as well as on graininess (see p. 380), but is inferior 
to a more thickly coated emulsion in exposure latitude, and density 
range. Some fine-grain materials, chiefly of foreign origin, owe their 
high image sharpness and fineness of grain, in a large measure, to the 
use of a thinly coated emulsion. The user of such products must not 
expect the same exposure latitude and photographic quality available 
in more thickly coated emulsions. 

The sensitometric characteristics of a typical fine grain material of 
domestic origin are shown in Fig. 293. The exposure latitude, density 
range and speed of this emulsion compare favorably with other negative 
materials, 


3.0 le 
Pe Leap betabt | 


cane 


O GAMMA 
| 


N 
(3) 
o~ 
\ 


ij tenis 


i 
04, TIME OF DEVELOPMENT | i 
1.0 + + 
10 5 

0 


—— 


5 


2° |o 
a |@ 
— 
| 
N 
NESS 


lV 


Z 
5 | meer a 
| i : 


=== ae 
BASE DENSITY 


1.0 0.0 


LOG E 


Fic. 293. D log LE and Time-Gamma Curve of a Representative Fine- 
Grain Material. 


RECORDING PAPERS coo 497 


*¢ 


Infra-Red Sensitive Materials—The sensitivity of the eye ends 
at a wave length of approximately 700 mp. Recent advances in the 
dye sensitizing of photographic materials has made it possible to photo- 
graph, with comparative ease, the invisible infra-red region as far as 
1300 my.t® Most of these infra-red materials are of interest only to 
the scientific worker; however, materials of the type represented by 
the spectrograms in Fig. 294 are of general use as they have sufficient 
speed to permit of instantaneous exposures on out-of-door subjects in 
good light. An orange or red filter is required to absorb the blue light 
to which these materials are also sensitive. 
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Fic. 294. Wedge Spectrograms of Representative Infra Red Materials. 


Infra-red photography is employed in photographing distant land- 
scapes to reveal detail ordinarily lost in atmospheric haze, to produce 
striking effects in the reproduction of sky and foliage in landscape work, 
and in medical, documentary and other scientific fields of photography, 
and in photomicrography. 

Recording Papers.—Photocopying papers for use in the Photo- 
stat, Rectigraph, and similar machines are usually supplied in rolls. 
Emulsions similar to those used for process materials are employed, but 
the emulsion coating is much thinner since the image is not used for 
printing but only for examination by reflected light. Orthochromatic 


16 Photographic Plates for Use in Astronomy and Spectroscopy, Eastman Kodak 
(Go: 


CLArRK—Infra-Red Photography. 
Scuwartz—Infra-Red Photography. Photo. Tech. I (1940) Feb. p. 8. 
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emulsions are available for copying originals in color, but no panchro- 
matic photocopying paper appears to be available commercially. 

Direct Positive Materials—It is well known that great over- 
exposure of a negative emulsion will produce a reversed image, 1.e., a 
negative from a negative or a positive from a positive. With ordinary 
negative materials, however, the reversed image obtained through over- 
exposure is so poor in quality as to be of no practical value. Reversal 
is facilitated and the quality of the reversed image improved if fog- 
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Fic. 295. D log E and Time-Gamma Curves of a Direct Positive Material 
(Direct Reversal). 


producing agents, such as sodium arsenite, permanganates, persulfates 
or dichromates, are incoporated in the emulsion and use has been made 
of this property to produce films which produce a direct non-reversed- 
copy; i.e., a positive directly from a positive, or a negative from a 
negative.” The speed of these films is approximately that of rapid 
printing paper. While they are rather slow for general use in the 


17 Arens and Eggert, Agfa Veroeffentl. 3 (1934) 166. Barth, J. Soc. Mot. Pict. 
Eng. 27 (1936) 419. Arens, U.S.P. 2,005,837 of 1935. B.P. 443,245. 
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camera, they are well adapted to making duplicate negatives by contact 
or projection, making duplicate transparencies and other cases in which 
a direct copy is required. 

Sensitive Materials for Spectroscopy and Astronomy.—Emul- 
sions for photography of the spectrum require high resolving power 
and image sharpness, fine-grain and sensitivity for that portion of the 
spectrum under investigation as great as is consistant with the other 
requirements. For work in the ultra-violet at wave lengths greater 
than 300 mp ordinary blue-sensitive materials are satisfactory. Beyond 
this point, it is necessary to overcome the absorption of ultra-violet 
radiation by gelatin. While emulsions containing only a trace of gela- 
tin have been used,'* the usual practice today is to coat a blue-sensitive 
plate with fluorescent materials, such as mineral oils, which transform 
ultra-violet radiation into long wave radiation, which is capable of 
penetrating the gelatin layer and producing a developable image.’® 

Infra-red materials (p. 497) are now available which extend the 
range of the photographic process to a wave length of approximately 
1300 my without difficulty. 

For astronomical photography, other than spectroscopy, an emulsion 
of relatively fine grain, good resolving power and high speed at low 
intensity levels is required.2? The general practice today is to use 
high-speed, blue-sensitive or orthochromatic material. For some pur- 
poses, as in photographing the solar eclipse during a total eclipse, double- 
coated plates are preferred because of their greater exposure range. 

Plates are invariably used for spectroscopy and astrophotography 
since the dimensional changes occurring during the processing and 
drying of film base and upon storage make it undesirable where accurate 
positional measurements must be made. 

Sensitive Materials for Photo-Reproduction Processes.—Special 
process films and plates have been introduced in recent years for use in 
photoengraving, lithography and offset, and are rapidly replacing the 
old wet-collodion process. These new emulsions are thinly coated and 
have a large amount of silver halide per volume of gelatin. This 
results in extremely high contrast, high resolving power and image 


18 Schumann plates—See Baly, Spectroscopy II (1927) 380. 
19 Harrison, J. Opt. Soc. of Amer. 11 (1925) 113. 
20 This is a consequence of the failure of the reciprocity law. 


Emulsions for Direct Positives. Kodak, Ltd. (Eastman Kodak Co.). 
B.P. 530,562, June 27, 1939; addition to B.P. 524,087. 
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sharpness, fine grain and a high density. The sensitometric character- 
istics of a typical film of this type are shown in Fig. 296. 

Emulsions of this type are hardened in manufacture so as to be 
largely resistant to abrasion or to frilling or scratching in handling. 
They develop and fix quickly and drying requires only a few minutes. 
These emulsions are coated on film base of ordinary thickness, on a 
thin base film which may be printed from either side so as to render 
stripping and transposition of the image unnecessary, or on paper with 
a soluble layer between the paper stock and the emulsion, so that the 
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Fic. 296. D log E Curves of a Representative High Contrast Material for Photo- 
mechanical Reproduction Process Work. 


image, after development, may be stripped from its paper support and 
transferred to glass (stripping paper). 

Orthochromatic materials of this type are available for use with 
colored copy. 

Sensitive Materials for Aerial Photography.—Sensitive materials 
for aerial photography should possess high resolving power and pro- 
duce fine grain images with a relatively high contrast. Orthochromatic 
film may be used with yellow filters for subjects light in color and in 
a clear atmosphere, where haze-cutting filters are not required. Pan- 
chromatic materials, either of the high speed or fine-grain type, used 
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with yellow or red filters are generally preferred, however, because of 
the greater latitude in the use of filters. Infra-red sensitive materials 
are employed for extreme haze penetration in conjunction with deep 
red filters. For mapping purposes, the emulsion is coated on a special 
“topographic” support which is specially prepared to have the minimum 
shrinkage in processing. 

Sensitive Materials for X-Ray Photography.—Emulsions for x- 
ray photography must have high sensitivity to «-ray radiation and 
produce comparatively high density and contrast. With x-ray radia- 
tion, the effective sensitivity of an emulsion increases to some extent 
with the thickness of the coating; hence, sensitive materials for x-ray 
photography are heavily coated with an emulsion rich in silver halide 
—up to 50% silver bromide in some cases. Since there is a limit to 
the thickness of the coating which can be employed without unduly 
affecting development, or increasing the tendency of the layer to frill in 
processing, the base is often coated with emulsion on both sides. 

Storage of Sensitized Products.—Exposed or unexposed nega- 
tive material should be kept in a cool dry place where it will be pro- 
tected from the gases and fumes of such substances, as formaldehyde, 
hydrogen sulfide, paints, lacquers and paint and lacquer thinners, tur- 
pentine in any form, mercury and illuminating gas, all of which tend 
to produce fog. 

Fog may be produced by rewrapping film in paper not designed for 
that purpose. Either exposed or unexposed material should be wrapped 
only in the original wrapping papers which have been made especially 
for this purpose and are free from fog-producing substances. 

Exposed plates, or film, which must be kept for some time prior to 
development in a humid, tropical atmosphere should, if possible, be 
first desiccated by placing in an air-tight compartment containing cal- 
cium chloride, which extracts moisture from the air. After several 
hours in such a desiccator, the film or plates should be transferred to 
airtight metal containers and sealed. If this procedure is impractical, 
the package may be packed tightly in a box filled with crumpled photo- 
graphic paper which should be removed and dried daily in an oven, 
or before a fire. Thus protected from moisture, the film will keep in 
good condition for several weeks, although it is best to arrange for 
development as soon as possible. 

Plates, or film, which are to be transported to hot and humid 
climates, should be ordered in sealed metal containers. Practically all 
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manufacturers are in a position to supply their negative materials in a 
special packing for tropical use at a nominal expense. 

The storage of reasonable quantities of safety base film involves no 
particular fire hazard. Large quantities should be stored in steel filing 
cabinets of a type approved by the National Board of Fire Under- 
writers.2_ Nitrate film in the form of roll film and film pack is ex- 
cepted, but all other nitrate film should be stored in conformity with 
the regulations of the Board of Fire Underwriters. 

The nitrate base tends to decompose rapidly if stored at temperatures 
appreciably above normal and, while experience with acetate base is 
more limited, there is reason to believe that it is chemically more stable 
than the nitrate base. However, unless stored at a relative humidity 
of about 50% or higher, acetate base loses its flexibility, and becomes 
brittle. This ordinarily is of no real consequence except in the case of 
motion picture film. The flexibility of negatives or positives on an 
acetate base film which have been stored in a warm, dry atmosphere, 
may be partially restored by rehumidifying. “Studies of the stability 
of film base at the United States Bureau of Standards, indicate that 
acetate base film is as durable as the best rag paper stock if stored 
under the proper conditions.?? 


21 Regulations for the storage and handling of photographic and x-ray films. 
Natl. Board of Fire Underwriters, 85 John St., New York City. 

22 Scribner, Natl. Bur. Stand. Miscl. Publ. M 162, Government Printing Office, 
Washington 1939. Hill and Weber, J. Bur. Stand. 17 (1936) 871; J. Soc. Mot. 
Pict. Eng. 27 (1936) 677. 


CHAPTER XVII 
EXPOSURE OF THE NEGATIVE 


Theory of Exposure.—Photographic exposure is defined as the 
product of time and intensity of illumination acting upon the photo- 
graphic material. A series of exposures may be produced, therefore, 
by a variation in either the time of exposure or the intensity of the 
illumination. When a photographic material is exposed in the camera, 
the time factor is constant and the variation in exposure for different 
parts of the image is directly proportional to the brightnesses of the 
corresponding parts of the subject, except for differences produced in 
the image-forming system. 

Usually, the essential requirement is that the photographic record of 
these brightnesses create the visual impression of the original subject. 
It is, however, only within a certain exposure range that a sensitive 
material is able to record differences in brightnesses correctly. Strictly 
speaking, this range in exposure is indicated by the straight-line portion 
of the D log E curve of that particular film or plate. In practice, how- 
ever, portions of the curve at both extremities of the straight-line 
portion may be used without producing evident falsification of bright- 
ness values. 

The problem in exposure, therefore, is to adjust the time factor so 
that the exposures produced by the various brightnesses of the subject 
are within the exposure range which produces a satisfactory reproduc- 
tion of the subject on the plate or film employed. 

It should be noted at this point that, with practically all negative 
materials, the available exposure range is several times greater than the 
brightness range of the subject, so that there is, practically speaking, 
no one correct exposure but a period of correct exposure, i.e., a range 
of exposures any one of which will produce negatives from which 
satisfactory or, within certain limits, identical prints may be made. 

Factors Determining the Time of Exposure.—Fig. 297 illustrates 
the principal factors involved in the determination of the time of ex- 
posure.t The six principal factors are: (1) illumination, (2) subject, 


1 Adapted from “Photographic Speed Ratings” by Fowler and Varden, Amert- 
can Annual of Photography, 1940, p. 169. 
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(3) sensitive material, (4) processing, (5) purpose and (6) mechanical 
and physical factors. 

Illumination. Both the intensity and the color characteristics of the 
illumination on the subject are important factors in exposure. 

In the case of sunlight, the intensity of illumination is determined by 
the time of year, the time of day and by atmospheric conditions. 

The intensity of unobscured noon sunlight varies from month to 
month with the latitude being at a maximum in the northern hemisphere 
in June and at a minimum in December. The principal variation in 
the intensity of sunlight from month to month, however, is in the length 
of the day. The variation of unobscured sunlight from hour to hour 
is comparatively small in the middle of the day, but changes rapidly 
in the early morning hours or the late afternoon. 

The intensity of sunlight is, of course, materially affected by clouds, 
smoke, dust and other atmospheric disturbances. A slight haze result- 
ing in shadows which are barely visible, requires from two to three 
times the exposure of unobscured sunlight. A clouded sky, with the 
sun itself barely visible, requires an increase in exposure of from 
four to five times. Heavily over-clouded skies require an increase of 
from six to sixteen times in exposure, differences in illumination under 
such conditions being extremely difficult to estimate visually or to 
describe. 

With artificial light sources, the illumination on the subject depends 
upon the intensity of the source and the distance. Reflectors may 
increase the effective illumination many times. . 

Another important factor in exposure. is the color of the light. The 
response of any photographic sensitive material varies greatly with the 
wave length of the incident radiation (p. 457). A blue-sensitive ma- 
terial, for example, has practically all of its sensitivity in the ultra- 
violet, violet and blue portions of the spectrum. It can, therefore, uti- 
lize a much larger portion of the light from a source of daylight quality 
than from tungsten illumination. See Fig. 271 and Fig. 272. The 
difference is less marked but still exists with orthochromatic and pan- 
chromatic material. 

The color temperature of sunlight is greatly affected by clouds and 
dust. Clouds, by reducing the amount of direct sunlight, may increase 
the effective color temperature (p. 168). At other times, as when 
the sun is near the horizon, the color temperature is reduced, i.e., the 
light becomes yellowish. Panchromatic materials, therefore, require 
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relatively less exposure in the early morning, or late afternoon, hours 
than blue-sensitive or orthochromatic materials. 

The response of the eye is quite different from that of photographic 
materials ; consequently variations in the color of the light which result 
in substantial differences in exposure are not readily discernable to 
the eye. 

While with long experience, the eye may acquire the ability to dis- 
tinguish differences in illumination under conditions with which it is 
familiar, in general the eye is a poor judge of the intensity of illumina- 
tion, unless aided, nor is it able to evaluate the variations in color which 
affect exposure. Hence, such classifications as intense light, bright 
light, light clouds, dull, ete., while helpful, are only approximations. 

The subject. Since the subject is not always fully exposed to the 
direct light of the sun or the sky, its location may have an important 
bearing on the illumination which it receives. In a narrow street, for 
example, the illumination is greatly reduced by the buildings on either 
side which permit light from only a small strip of the sky to reach the 
subject. Likewise, in heavily wooded areas or in shaded places, under 
porches and the like, the illumination is greatly reduced. It is extremely 
difficult to estimate the illumination visually under such conditions and, 
while it is possible to make some allowance for the subject factor by 
classifying the more common subjects into groups, more errors in 
exposure probably result from the difficulties arising from this source 
than from any other. 

Moreover, subjects differ greatly in the proportion of the light fall- 
ing on them which is reflected. A subject containing only water and 
sky, for example, reflects a larger proportion of the light falling on it 
than does a distant landscape, and this in turn more than a landscape in 
which are figures, trees, shrubbery, buildings or other dark colored ob- 
jects near the camera. In general, the nearer the subject is to the 
camera, the larger the shadow areas and the less the amount of re- 
flected light. 

In evaluating the amount of light reflected, or the brightness, the 
quality of the light, or its color, must be considered with particular 
reference to the color sensitivity characteristics of the photographic 
material. The more nearly the color response of the film or plate 
approaches that of the eye, the less the difficulty experienced in evaluat- 
ing the allowance to be made for the color, or colors, of the subject. 

The brightness of the optical image. The difference in the bright- 
nesses of the optical image on the film, or plate, and those of the 
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subject itself is proportional, within certain limits, to the f/number of 
the lens. It should be noted, however, that the brightness of the 
optical image varies with the distance from the axis. Consequently, 
the exposure required for an object on the axis is less than that for an 
object of equal brightness near the margins of the field. This differ- 
ence may be as great as 1:3 in the case of wide angle lenses. Ordi- 
narily, little attention is given to the loss of light by reflection and 
absorption in the objective. That these losses may be considerable is 
evident from the following table? which shows the marked f/number, 
the actual percentage transmission and the effective f{/number of several 
different types of photographic objectives : 


Objective f/Number Transmission Effective f/No. 
Ernostar f/2 46.6% WiSoll 
Kinoplasmat Z THN SE5C%G, f/2.82 
Tessar f/4.5 63.5% f/5.94 
Aviar f/4.5 49.7% £/6.65 
Collinear f/6.3 53.4% f/8.67 


Speed of the sensitive material. There are five methods of express- 
ing the speed of a sensitive material in more or less general use in the 
United States: (1) Weston speeds, (2) General Electric speeds, (3) 
Kodak speeds, (4) Scheiner numbers and (5) DIN numbers. 

The Weston and General Electric speeds of negative materials are 
determined periodically by the Weston Electrical Instrument Comipany 
and the General Electric Co., respectively, and published primarily for 
use with their own meters. A number of other meters, however, are 
licensed to use Weston speeds. 

Kodak speeds are determined by the minimum useful gradient and, 
at present, are available only for negative materials of the Eastman 
Kodak Company. 

Scheiner numbers are not officially recognized by any manufacturer 
of negative materials in the United States. There are, however, a 
number of exposure meters marked in so-called Scheiner numbers. 
These numbers are not true Scheiner numbers as they are not de- 
termined from sensitometric measurements in the laboratory in ac- 
cordance with Scheiner’s method, but from comparative exposure tests. 


2Forch and Lehrmann, Kinotechnik (1928) 103. 
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DIN numbers likewise are not officially recognized in the United 
States and are met with only on sensitive materials and exposure meters 
imported from Germany or German-speaking countries. 

Of the various speed rating systems which have been devised, that 
based upon the limiting useful gradient would appear to be the one 
most in accord with photographic practice, since it is the only one in 
which the requirements of the printing medium receive consideration 
and a negative is satisfactory only if it produces a satisfactory print. 

The various systems of speed rating are based upon different experi- 
mental procedures and employ different criteria in determining speed; 
hence, an exact comparison is impossible and two films having the 
same speed rating in one system may have quite different speed values 
in all other systems. 

The following table indicates approximately equivalent speeds in the 
different systems. Exposures based upon these values should be within 
the useful exposure range of good negative materials. 


COMPARISON OF SPEED RATING SYSTEMS 


Kodak Amer. Europe. Europe. de & Dr ae es Relative 
Weston aan Scheiner Scheiner DIN (British) wee Exposure 
ont. 
6 30 17 23 13/10 400 1300 4 
8 40 18 24 14/10 500 1700 3% 
10 50 19 25 15/10 600 2100 224 
12 60 20 26 16/10 750 2700 2 
16 80 21 a 17/10 1000 3500 12% 
20 100 22 28 18/10 1200 4400 114 
24 140 23 29 19/10 1500 5600 1 
32 170 24 30 20/10 | 2000 7200 44 
40 200 25 31 21/10 | 2500 9100 2% 
50 250 26 32 22/10 | 3000 11600 \% 
64 320 27 33 23/10 — — 24 
80 400 28 34 24/10 == Le iW, 
100 500 29 35 25/10 -_ a V 
125 625 30 36 26/10 Be et \ 


If the speed of a sensitive material is defined as the reciprocal of the 
exposure necessary for a satisfactory negative, the only comprehensive 
and adequate definition from the standpoint of practical photography, 
then there is no one number which will properly represent the speed 
of a given film or plate, except under certain specified conditions, for 
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the practical speed depends upon the way in which the material is used 
and the result required. A number of the more important of these 
conditions are enumerated in the chart at the beginning of this chapter. 

Processing conditions may have an important bearing on the effective 
speed of a film or plate. Excepting certain low potential developing 
agents used chiefly in fine grain developers, variations in speed due to 
the use of different developing agents are generally of minor im- 
portance. This is not true, however, of the degree of development 

gamma) or the degree of exhaustion of the developing solution. In 
general, the effective speed increases with the degree of development 
and the increase is considerable with some modern emulsions. Losses 
in effective speed, due to the use of partially exhausted developers, are 
frequently considerable and often are not recognized because the con- 
trast and density of the highlights has not been affected to the same 
degree as that of the shadows. 

Exposure Meters.—There are essentially two types of exposure 
meters: (1) those which measure the intensity of the light on the sub- 
ject by the rate of darkening of a sensitive paper, and (2) those in 
which the light reflected from the subject is measured by visual methods 
or by means of a photo-electric cell. Meters of the first type (acti- 
nometers) were the first to find general acceptance; they have been 
replaced almost completely in recent years, however, with instruments 
of the second class and in particular those employing photo-electric cells. 

Actinometers.—Among exposure meters of this type, the best 
known, in English speaking countries at any rate, are the Watkins 
and the Wynne. The Watkins is no longer made, but the Wynne is 
still available. Both utilize the darkening of sensitive paper to a stand- 
ard tint which, however, differs in the two meters. The meter is held 
to face the light illuminating the darkest part of the subject and the 
time for darkening of the paper to the standard tint is determined. 
This time, the actinometer time as it is called, is an indication of the 
intensity of the light and from it the exposure required with a given 
lens aperture and plate or film is calculated with the aid of the movable 
scales which form a part of the instrument. In the case of the Watkins 
meter, the first visible darkening of the sensitive paper requires 1/16 of 
the time necessary for the standard tint; hence indoors, or where the 
light is poor, the time required for making a test of the light may be 
reduced by using the sixteenth tint as it is called. 

The weak point of the actinometer is that, it can measure only the 
light falling on the subject and not that reflected from it. However, 
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if the proper allowance is made for different subjects, the exposure 
indications of an actinometer produce a high percentage of satisfactory 
results. 

Visual Exposure Meters.—Exposure meters of this type may be 
divided into two classes: (1) those in which the illumination reflected 
from the subject is measured by the disappearance of detail in the 
shadows, or an artificial test object lighted by the subject; (2) those 
in which the illumination: is measured by comparing it with the light of 
a small electric lamp operated from flashlight batteries. 

Instruments of the first class may be further divided into two sub- 
classes: (1) those in which the subject is viewed through an optical 
wedge, which for convenience is usually circular, and this is revolved 
past the eye until detail in the shadows disappear, or are barely visible, 
the proper exposure is then determined from the scales of the instru- 
ment at this setting. (2) In the second are meters in which the light 
reflected from the subject illuminates an artificial test object, usually a 
transparent figure, the visibility of which may be reduced in a measur- 
able manner by means of an optical wedge or an adjustable diaphragm. 
In some examples, a number of figures varying in visibility are seen 
when the meter is pointed at the subject and the number just barely 
discernible is taken as a measure of the light reflected from the sub- 
ject. The advantage of meters of this type over those described in class 
one is in the certainty with which the extinction point can be deter- 
mined. On the other hand, when used at the camera, the average 
brightness of the subject is measured and not that of any particular 
part. The total brightness of the subject may, or may not, be a satis- 
factory indication of the proper exposure. If, for example, a large 
portion of the subject is brightly illuminated and the shadow area is 
small, an exposure based upon the total amount of light reflected by the 
subject may result in underexposure of the shadow areas. All meters 
which measure the total amount of light are open to this objection 
which, however, may be overcome to some extent if the shadow area 
can be approached so as to exclude the remainder of the subject in 
making the measurement. 

In all visual type meters, it is the visual brightness of the subject 
which is measured and not the actinic brightness, which may be quite 


SmEetTHuRST—Reflected Light as a Criterion of Exposure. Brit. J. Phot 
85 (1938) 533, 548, 566. 
GUNDELFINGER AND STAFFORD—Photometric Determination of Camera Ex- 
posures for Motion-Picture Work. J. Franklin Inst. 215 (1933) 81. 
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different. The eye and photographic materials differ considerably in 
their response to different colors, therefore, the visual brightness is not 
an accurate indication of the exposure required in the case of an object 
involving color. In most meters, this difficulty is partially overcome by 
the insertion of a blue-violet screen in the field of vision. Visual meas- 
urements of brightness then correspond more nearly with the actinic 
brightness, but this expedient naturally fails to take into consideration 
the differences in photographic materials with respect to color sensitivity. 

The accuracy of meters in which brightness is measured by the ex- 
tinction of detail in the subject, or an artificial test object, are affected 
by the ability of the eye to adjust itself to variations in the intensity of 
illumination over a fairly wide range. Thus on coming into a darkened 
room, the eye soon adjusts itself to the weaker illumination and we 
shortly begin to see detail that was totally invisible when we entered 
the room. Consequently, the exposures indicated by the meter will 
not accurately represent the real difference in the intensity of the illu- 
mination on the two subjects. The result is that another correction 
factor has to be applied to the meter readings of interior work. 

Two examples of exposure meters in class 2 are now on the market. 
In both the light reflected from the subject is measured by comparison 
with that from a small electric lamp operated from flashlight batteries, 
the intensity of the light from the lamp being controlled by means of 
a variable resistance. 

In one of these, the light reflected from the subject illuminates one- 
half of the photometric field, the other half of which is illuminated by 
the comparison light. In the other example now on the market, the 
image of a cross formed by the comparison light is superimposed on 
the image of the subject in a finder. The illumination of the image of 
the cross is varied, by means of a knob operating a variable resistance, 
until it equals that of the particular brightness of the subject being 
measured. The exposure is then determined from a scale calculator 
which is operated by the knob, controlling the variable resistance. This 
design has the advantage that the brightness of any part of the subject 
may be measured. 

Meters of this type have been made to measure the brightness of the 
image or the focusing screen but have never found general acceptance. 

Photocell Meters.—In recent years, exposure meters employing 
light sensitive photocells have come into general use. While not a 
complete solution of the exposure problem, such instruments affording 
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as they do a convenient and accurate means of measuring illumination 
are of very real assistance in determining exposures. 

With one exception, meters of this type employ a photovoltaic, or 
“self generating” cell. The photovoltaic cell consists of a layer of 
light sensitive material which is usually copper oxide formed on a copper 
disk and covered with a transparent layer of gold.* When this cell is 
exposed to light, radiant energy is converted into electrical energy. The 
electrical current produced by connecting the two terminals can be meas- 
ured by means of a microammeter, and is almost directly proportional 
to the intensity of the illumination on the cell. The photovoltaic cell 
thus provides a self-contained, portable and highly accurate means of 
measuring illumination, thus readily adapting it to the requirements of 
an exposure meter. As there is no physical or chemical change in the 
cell itself, its life is supposed to be practically unlimited. The color 
sensitivity of the cell is similar to that of the eye (Fig. 298) but extends 
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Fic. 298. Curve of the Spectral Response of a Typical Photocell Used in an 
Exposure Meter. 


further into both the red and the ultra-violet. The response of the 
cell to violet and blue is relatively greater than that of the eye, but not 
so great as that of photographic materials. It is possible, of course, by 
means of suitable filters to make the response of the cell identical with 
that of the eye or a given photographic material, but the difference is 
not of sufficient importance in the determination of photographic ex- 
posures to justify the added expense. 

The disadvantage of the photovoltaic cell is its low voltage output 
and as this cannot be easily increased by amplification, the sensitivity 
of the cell is such that it can be used only to measure the light reflected 


8 In some cases, copper is replaced with iron and the copperoxide with selenium. 
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from relatively large areas of the subject, and difficulty is experienced 
frequently in making measurements in interiors and other poorly lighted 
subjects. 

The exception referred to in the preceding paragraph is an instrument 
employing a phototube. The phototube differs from the photovoltaic 
cell in that it does not generate an electric current, but functions as an 
electrical conductor only when exposed to light. It consists of an anode 
and a cathode in a gas filled or vacuum tube. When exposed to light, 
electrons are emitted by the cathode and if an electric current of the 
proper voltage is applied, the electrons travel towards the anode conduct- 
ing an electrical current. This current is almost directly proportional 
to the illumination on the cathode over a comparatively wide range. 
Thus, it is possible to measure illumination directly without reference 
to the eye from the electrical output of the cell as indicated on a suitable 
galvanometer. Tubes of this type are more sensitive than the photo- 
voltaic cell, as the output is easily amplified with suitable amplifying 
equipment. The sensitivity is such as to make possible the measure- 
ment of small areas (about 1/32 inch) of the image on the focusing 
screen of the camera, or the enlarging easel. On the other hand, this 
type of light measuring instrument has the following disadvantages : 


1. It is more delicate and requires more careful and skillful handling. 

2. It is larger and more expensive. 

3. It must be connected with a 110 volt electrical circuit, or in some 
cases, with batteries, which limit its use except in the studio or where 
electric current of the proper type is readily available. 

Use of Photocell Exposure Meters.—In most cases, it is sufficient 
to measure the total, or integrated, brightness of the entire scene from 
a point near the camera or preferably from a point at which only that 
part of the subject which will be included in the picture is within the 
light-acceptance angle of the meter. When the exposure is determined 
in this manner, however, the highlights very largely determine the read- 
ing obtained since they reflect more light than the shadows. Thus, if 
the subject is one which is generally well lighted, but contains dark 
objects near the camera, an exposure based upon the integrated bright- 
ness may lead to underexposure of the darker portions. Out-of-doors, 
care should be taken not to include too much of the sky or the brightness 
measurement may lead to underexposure. 

On the other hand, with a subject which is generally dark att con- 

' tains a well lighted area, the latter may be overexposed. With such 
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subjects, it is best to measure the brightness of that portion of the sub- 
ject which is the most important. This may be done by making the 
measurement from a position which is sufficiently close to include only 
the light reflected from the area in question. The angle included by 
the cell varies in different meters but generally if the distance from 
which the measurement is made is approximately equal to the shortest 
dimension of the area, whose brightness is to be measured, the results 
will be sufficiently accurate for practical purposes. 

The lowest brightness which can be accurately measured varies 
slightly with different meters, but is usually on the order of 1/10 foot- 
candle. The brightness of objects too dark to be measured directly 
may often be determined as follows: First measure a portion of the 
object having the same general tone on which the illumination is suf- 
ficient for a measurement to be made. Then measure the brightness of 
a sheet of white paper placed in the same position. The ratio of the 
two brightnesses gives the reflection coefficient of the paper. Then, 
place the paper in the darker area and measure the light reflected by the 
paper. Divide the value thus obtained by the reflection coefficient of 
the paper and use the brightness value thus obtained in calculating the 
exposure. 

In determining the exposure for films or plates for reversal process- 
ing, many authorities are in favor of measuring the greatest bright- 
ness of the subject in which detail is desired, so as to be able to obtain 
consistently, upon reversal, a positive image in which the maximum 
highlight is represented by the lowest density with which satisfactory 
reproduction can be obtained. Others have recommended the use of 
an artificial highlight of white or gray cardboard. 

Exposure Required to Stop Motion.—The amount of displace- 
ment possible in the image of a moving object without producing visible 
unsharpness depends upon the allowable circle of confusion (p. 71). 
In general, it is customary to regard as allowable a circle of confusion 
equal to 1/1200 of the focal length of the lens. If, however, the image 
is to be greatly enlarged, a still smaller circle of confusion is necessary. 


SmMETHURST—The Gauging of Exposures by Meter and Standard Subjects. 
Brit. J.;Phot.85-(1938))212. 

SmetuHurst—Reflected Light as a Criterion of Exposure. Brit. J. Phot. 
85 (1938) 533, 566. 

West—Meters for Color Exposures. Phot. J. 79 (1939) 577. 

Coss and Lowe—The Neutrome Gray Exposure Aid. Phot. Tech. 2 
(1940) Sept. p. 19. 
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The amount of the displacement of the image of a moving object in 
a given time interval depends upon four factors: 


1. The velocity of the object. The displacement of the image is ob- 
viously proportional, other factors being constant, to the velocity of the 
moving object. Usually this is unknown but in certain cases it may 
be estimated with sufficient accuracy for practical purposes. One 
knows, for example, within certain limits what speed to expect of run- 
ners at the finish of any of the usual distances, of horses coming down 
the home stretch, and in many other athletic and sporting events. It 
must be remembered that allowance must be made for the more rapid 
movement of the arms and legs which move approximately twice as 
fast as the body itself. 

2. Distance of object from camera. The nearer the moving object 
is to the camera, the larger the image and the greater the displacement 
for a given exposure. Except for very short distances, the displace- 
ment of the image for a given exposure is inversely proportional to 
the distance of the object. 

3. The focal length of the lens. For a given object distance the 
longer the focal length of the lens the larger the image and the greater 
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the displacement of the image in a given time interval. Thus the dis- 
placement of the image, under given conditions, varies directly with 
the focal length of the lens. 

4. Direction of movement. With an object moving in a direction 
at an angle to the optical axis of the lens, the displacement of the image 
is the sum of the displacement due to the lateral movement of the object 
and the movement in line with the axis. 

The time of exposure permissible in the case of an object moving at 
right angles to the optical axis of the lens is indicated by the equation 


D+F 
SX 100F’ 
where & = Exposure in fractions of a second, 
F = Focal length of lens in inches, 
D = Distance of object at time of exposure in inches, 
S = Speed of objects in inches per second, 
100 = Denominator of fraction indicating allowable circle of 
confusion. 
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Fic. 299. Curves for the Calculation of the Approximate Time of Exposure 
Necessary to Stop Motion, the Distance of the Moving Object Being Shown as 
a Multiple of the Focal Length of the Lens. (British Journal of Photography.) 
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For practical purposes, this may be written 


D 
2S SSK 
For an object moving directly to or from the camera, the equation is 
| On D 


E= 


SX 100F X (A/2)’ 


in which FE, D, S, and F have the same significance as in the previous 
equation and (4/2) represents the depth of the object in inches.* 

For an object moving at an angle to the optical axis of the lens, the 
permissible exposure is given by 


“s Deer (Deer): ah 
TS m00is cos 6S nl00F (A /2)EX sin 6 


4 Cleveland, Amer. Phot. (1925) 386, 442. See also Cummings, Brit. J. Phot. 
70 (1923) 447. 
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CHAPTER XVIII 
NEGATIVE DEVELOPMENT 


The Darkroom.—When space is not available for a permanent 
darkroom, as is often the case in an apartment or in rented quarters, 
rooms used for other purposes must be made to serve as a workroom. 
Aside from the fact that it must be a room which can be made perfectly 
light-tight when required without too much delay, the major considera- 
tions are ready access to electricity and running water. At night, 
almost any room can be made light-tight, if the windows are covered 
with a dark cloth to exclude the light from nearby street lamps, pass- 
ing automobiles, etc. If daytime use is contemplated, a shutter of wall 
board held in place with turn buttons attached to the window frame 
may be required. 

The kitchen is, in many cases, the best choice as it ordinarily provides 
the necessary electrical outlets together with running water and a sink 
in which developing and other trays or tanks may be placed. The 
bathroom usually has fewer windows to be covered and may have the 
electrical outlets needed. Running water is available, of course, but 
the lavatory and bathtub are not as well adapted to the requirements 
of photographic work as the kitchen sink. A shower compartment. 
however, can be made to serve by installing a work table and has the 
advantage of providing a floor drain in the event that chemicals or 
solutions are accidentally spilt. 

Closets are frequently available and the ease with which the average 
closet can be made light-tight is a great temptation, but in all other 
respects it is not a suitable location. It may have the necessary elec- 
trical outlets, but it seldom has running water and the installation of 
either is expensive and frequently out of the question in rented quarters. 
In addition, the space is usually limited and no provisions have been, 
or can be, made for adequate ventilation. In case nothing better is 
available, a closet may be made to serve for the loading of tanks, film 
holders and magazines and other operations which necessitate only a 
brief stay in the darkroom and do not require running water or the 
usual facilities of a well equipped workroom. In this case, a work 
shelf should be constructed at a convenient height along one side and 
covered with oilcloth or painted with a waterproof lacquer, so that it 
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may be wiped dry after use and thus avoid, so far as possible, the 
accumulation of dampness in the room. If a wooden strip is attached 
to the outside edges of the shelf and the oilcloth folded over it so as to 
form a waterproof tray, so much the better. 

If one is compelled by circumstances to work in a room used for 
other purposes, consideration may well be given to the installation of a 
cabinet, or cupboard, in which developing paraphernalia, such as trays, 
graduates, timers, etc., as well as solutions and sensitive materials can 
be kept when not in use and be out of the way, yet readily available 
when required: If the space is available, attention may be given to the 
construction of a cabinet which, like a kitchen cupboard, will also pro- 
vide a work bench for developing and printing. It is not impossible to 
build into this a small sink and with some additional expense to pro- 
vide for running water, by permanently connecting with the water lines, 
or if the cabinet must be movable, by a rubber hose connection to the 
kitchen sink. Usually in the latter case, the only real difficulty is in 
providing for a drain. The simplest method is to make the level of 
the sink in the cupboard higher than that of the kitchen sink so that the 
water can drain directly from one sink into the other. This often 
places the work bench inconveniently high in which case it may be 
necessary to install a separate drain to which a connection can be made. 
The cabinet should be wired so as to provide the necessary outlets for 
safelight lamps, electric timers, a printer and an enlarger. The wiring, 
like the plumbing, should be installed by a competent workman to make 
certain that it meets the required standards and that the capacity of the 
house wiring circuit is not exceeded. 

If a permanent darkroom is possible, the first problem is its location. 
Usually the attic-or the cellar are the first places considered. The 
attic is often attractive because of the space available. Running water, 
however, is not usually available and is not easily installed. In addi- 
tion, it is usually hot in summer and cold in winter. Both water and 
electrical outlets are ordinarily available in the cellar or may be installed 
at lower cost than almost anywhere else. In some cases, dampness may 
be of some concern, but may be overcome by the installation of a 
heating unit or by storing sensitive materials which would be affected 
in another part of the house. The cellar has the advantage that the 
temperature is generally more uniform throughout the year and that 


Hoac—Build a Portable Darkroom. Popular Phot. 6 (1940) June p. 57. 
Parker, Jr—Darkrooms for Every Budget. Popular Phot. 7 (1940) Oc- 
tober p. 20, 111. 
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overflows from leaking sinks, etc., are less serious than on the upper 
floors of the building. 

The location having been decided upon, the next consideration is 
that of size. Limitations of space are often the determining factor ; 
in general, however, a space about 5 X 6 feet should be regarded as 
the minimum. Less than this does not provide sufficient space for an 
enlarger, which is a necessity in any completely equipped workroom. 
Moreover, a darkroom smaller than this does not provide sufficient 
space to separate operations involving the use of solutions from those, 
such as contact and projection printing, where water from any source 


ftc. 300. Ready-built Darkroom (Regent Specialties Co., Rochester, New York). 


is objectionable. In this, as in other matters, the builder-photographer 
must study carefully both the space available and that needed for the 
different kinds of work which he hopes to do, and plan accordingly. 

The wall partitions may be of ordinary frame construction of 
2 X 4’s plastered, or covered with plasterboard or wall board, preferably 
in the latter case, of the waterproof type. Particular care must be 
taken to ensure a light-tight yet free moving door. Most contractors 
and carpenters have very little idea of the steps necessary to make 
doors, ventilators, etc., light-tight. A broader door jam than is cus- 
tomary is usually necessary, if a door is to be made reasonably light- 
tight, and a weather strip is useful as an added precaution. 

For those who do not wish to undertake such construction themselves, 
a ready built darkroom may be purchased (Fig. 300). 


FLOORS 
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Ventilation.—Adequate ventilation should receive consideration 
If the wall partitions are con- 


when the walls are planned and built. 


structed of wall board on each 
side of the 2 X 4’s, baffles may 
be installed between openings in 
the two walls to admit air and 
yet prevent the entrance of light. 
Light-tight metal ventilators of 
the type shown in Fig. 301 are 
obtainable from dealers and may 
be used instead. For small dark- 
rooms, the Eastman Darkroom 
ventilator (Fig. 302), a small 
electrically driven centrifugal 
blower delivering 35 cubic feet of 
air per minute, is satisfactory. 
It is mounted in the partition and 


contains tight traps to cover both the outlet and inlet. 


Fie. 301. Metal Ventilator for Instal- 
lation in Wall of Darkroom. 


Larger units 


(Fig. 303) up to a capacity of 500 feet a minute are obtainable from 
the Hg Electrical Manufacturing Company, Chicago, Illinois. 


Fic. 302. 


Eastman Darkroom Ventilator. 


Floors.—A waterproof floor with a drain is a desirable feature, 
particularly if the darkroom is on the upper floor of a building. The 
installation of a floor drain necessitates the construction of a sub- 
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floor from 4 to 6 inches above the regular building floor. Concrete 
with a waterproof surfacing forms a good floor, but is rather heavy, 
and where weight is a consideration, a well-laid wooden floor may be 
covered with hard-rubber tile, blocks, mastic or even linoleum. 


Fic. 303. Ventilating Fan for Larger Darkrooms. 


Sinks.—The sink is a very important feature of any darkroom 
and its placement, size and construction all deserve careful considera- 
tion. Placement will be considered later, but so far as size is con- 
cerned, the sink should be large enough to take three trays of the largest 
size which one expects to use and the depth should be sufficient to 
prevent the splashing of running water, or solutions, over the edge onto 
the floor. Enameled iron sinks are practically the only type available 
in the size and depth required, but as these are rather expensive, it may 
be more economical to build the sink. Alberene stone is one of the 
best materials, but is expensive and must be carefully installed to pre- 
vent cracking. Stainless steel (18-8) is excellent, but expensive. 
Lead and concrete are rather too heavy and bulky for the average dark- 
room. <A well-fitted wood sink coated with Kodacoat paint or nitro- 
cellulose lacquer is reasonably satisfactory if repainted frequently, as 
is heavy galvanized metal coated with Kodacoat or black asphaltum ° 
paint. 

Unless the sink is a large one and occupies the side wall of the room 
to which it is attached, it is well to increase the working space around 
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it by installing drain boards on either side, or a work bench may be 
constructed across that side of the room and an opening cut in it for 
the sink. The drain boards, or bench, may be covered with water- 
proofed masonite and lacquer or with linoleum or rubber sheeting. 

If available, both hot and cold water should be installed. A mixer 
tap is a decided convenience, but should be in addition to separate cold 
water tap. More than one cold water tap is frequently needed at the 
same time. 

Wiring.—All wiring should conform to the underwriter’s speci- 
fications and for this reason a competent electrician should be employed. 
The use of temporary, makeshift electrical wiring cannot be too strongly 
condemned. Temporary expedients have a way, of becoming perma- 
nent and the dangers involved are ignored until something happens— 
and then it is often too late. In planning the wiring of the darkroom, 
separate outlets should be provided for every piece of electrical equip- 
ment and these outlets should be placed as near as possible to the place 
to be occupied by the equipment so as to keep the connecting cords 
short. Each outlet should have its own contact switch. It is well to 
include, in the wiring diagram, several outlets beyond those required at 
the time to provide for additional lights, timers, fans, heating coils or 
hot plates and other electrical devices which may be found desirable 
at a later date. The wiring should also take into consideration the 
probable consumption of the electrical equipment which may be used; 
if it is considerable, the line should be separately fused so that, if 
overloaded, the entire house will not be thrown in darkness. The 
wiring diagram may well include also a ceiling light for general illumi- 
nation operated from a switch to one side of the door. 

Illumination—In Fig. 304 are shown four types of safelight 
lamps: (a) is designed primarily for use in side wall fixtures, (>) for 
use on a drop cord over the sink or workbench, (c) for wall mounting, 
while (d) is suspended by chains from the ceiling to provide general 
illumination over the room. Safelight screens? are readily changed in 
all of these lamps except the last; in this case, a double lamp may be 
had, one-half of which is fitted with a safelight screen for film and the 
other for paper. 

A safelight is a color screen which, when used in conjunction with a 
suitable light source, provides illumination by which a particular sensi- 
tive material may be handled with reasonable safety. To this end it 
must, as far as is consistent with a suitable visual intensity, transmit 


1 Safelight screens for various types of negative materials, p. 525. 
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only illumination within the wave length region to which the emulsion 
is least sensitive. Any safelight then is necessarily a compromise be- 


(c) (d) 
Fic. 304. Typical Safelight Lamps. 


tween two conflicting requirements, maximum safety and maximum 
visibility, which last depends upon the amount of light transmitted and 
its wave length region. 


Mees AND Baker—Phot. J. 47 (1907) 276. Chilton, Phot. J. 71 (1931) 
226. 
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Fic. 305. Spectrograms of Safelights for Use with Different Types of 
Sensitive Material. (Wratten Safelights, Eastman Kodak Co.) 
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A safelight transmitting red only is satisfactory for blue-sensitive 
and medium speed orthochromatic materials since both are practically 
insensitive beyond a wave length of 550 mp (Fig. 305). With high- 
speed orthochromatic materials a safelight transmitting only the ex- 
treme red (Fig. 305) provides a greater margin of safety without too 
great a sacrifice in illumination. 

Panchromatic materials are sensitive throughout the visible spectrum 
so that it is obviously impossible for a safelight transmitting any part of 
the visible spectrum to be really safe. The problem in designing a 
safelight for such materials is to obtain the maximum visibility with 
the smallest possible amount of light. The eye is not equally sensitive 
throughout the spectrum and at low intensity levels the blue-green region 
affords the maximum visibility for a given amount of light. 

The sensitiveness of super-sensitive and hyper-sensitive panchro- 
matic plates and film is so great that no light which is of any real value 
visually is safe while the emulsion is dry. . When partly developed, its 
sensitiveness is lower and the safelight may then be used for momentary 
inspections of the developed image without serious danger of fog. 

The standard of safety adopted for the products of at least one manu- 
facturer of screens is that no effect should be produced on the plate 
when it is exposed to the safelight at a distance of one meter for thirty 
seconds. Most screens will produce fog if rapid or highly color-sen- 
sitive plates are exposed to their action for much over a half minute. 
A good working test of safety is to place a plate facing the safelight 
and about three feet away and expose part of it for thirty seconds, leav- 
ing part of the plate unexposed by covering it with several coins, or a 
piece of black paper. If the plate shows signs of fog, after develop- 
ment in total darkness for the usual time, the light is not safe and either 
a weaker light source should be used, the plate handled at a greater 
distance from the lamp, or the safelight should be changed to one af- 
fording greater safety. 

Arrangement.—The best arrangement of the room depends upon 
its size, the position of the door, the availability of water and drain 
lines, the kinds of work to be done, the equipment to be installed and 
to a considerable degree upon the ideas and personal preferences of the 
builder. Convenience and efficiency in working should receive care- 
ful consideration. There should be sufficient space for the different 
operations and space which is suitably arranged. For example, the 
space set aside for contact and projection printing and for the handling 
of film and paper should be at some distance from the sink, or sepa- 
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(Eastman Kodak Co.) 


Fig. 306. Plans of Darkroom for Advanced Amateur. 
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rated from it by a screen, which will protect the sensitive materials 
from accidental wetting. Fig. 306 shows three views of a darkroom 
designed for general amateur use by the Eastman Kodak Company. 
It is reproduced not with the idea that it will be suitable for all 
individual requirements, or that it will be adaptable to every situation, 
but because it may offer suggestions of value. 
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The Professional Darkroom.—Usually in a commercial business, 
separate darkrooms for negative processing and printing are desirable, 
although in a small business, both may be combined. A typical ar- 
rangement for the processing of sheet film by the open tank method is. 
shown in Fig. 307. The steel enamel, hard rubber, porcelain or stone 
tanks accommodate from one to two dozen sheet films on hangers and 
require from one to five gallons of solution. The tanks on the left 
are for the developer and those at the opposite end of the sink are for 
rinsing, fixing and washing as indicated. If warm weather is prevalent 
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Fic. 307. Darkroom Arrangement for the Processing of Sheet Film in 
Open Tanks. 


Fic, 308. Deep Tank Installation for Processing Roll Film. 
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for much of the year, an additional tank for a hardening-stop bath may 
be placed between the rinsing and the fixing tanks. Usually- only the 
developing tanks are enclosed in a water jacket connected to the cold 
and hot water taps so that the temperature of the solution may be kept 
uniform. 

A typical deep tank installation for commercial photofinishing is 
shown in Fig. 308. The films are first separated from their backing 
papers, numbered, usually with a perforating numbering machine, and 
attached to a hanger from which they are suspended in the tank for 
development. 

At the expiration of the required time of development, the hanger 
with its attached films is lifted from the tank and transferred to a 


Fic. 309. Pako Filmachine for the Automatic Processing of Roll Film. 


rinsing tank through which water from the mains is kept flowing. In 
some cases, the films are transferred directly from the rinsing to the 
fixing tank; however, in locations where warm weather prevails for 
much of the year or films are dried rapidly by heat the rolls are usually 
first transferred to a tank containing a hardening stop bath of chrome 
alum and thence to the fixing bath. One or more tanks are employed 
for fixing and two or more for washing. The films are dried in 
cabinets with circulating heated air. 
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In recent years, automatic processing machines have been widely 
adopted for commercial photofinishing. These consist essentially of 
overhead conveyor systems which automatically transfer hangers con- 
taining the films from one tank to another. A typical processing 
machine for photofinishing is shown in Fig. 309. 

Developing Tanks for Roll Film.—Tank development has he- 
come almost universal on account of its greater convenience, economy 


Fic, 310. Tank for the Development of Roll Film. 


of time and solution, and lastly, but most important of all, superior 
results from the standpoint of uniformity and freedom from fog, 
scratches, and other physical defects. 


Fic. 311. Day-Load Tank for the Frc. 312. Interior of Tank Llus- 
Development of 35 mm, Film Maga- trated in Fig. 311, Showing How the 
zines in Daylight. Film is Transferred from Magazine 

to the Tank. 
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A tank for the development of roll film consists essentially of the 
tank proper and a spiral reel for holding the film during development. 
The film is separated from its paper backing and wound on the reel 
in the darkroom. The film is held in the spiral turns of the reel. The 
loaded reel is then placed in the tank containing the developer and the 
cover attached. In some cases, the cover is placed on the tank first 
and the developer added through a light-tight opening in the top. In 
this case, the tank may be emptied, the film is rinsed and the fixing 
solution added before exposing the film to light. While tanks of this 
type do not enable film to be developed in daylight, since a darkroom is 
necessary for loading, there is no apron and consequently no danger of 
markings on the back of non-curling films from contact with the apron 
during development. This is important in the case of small negatives 
because such markings sometimes appear in the enlargement. The reel, 
however, must be designed to permit the free circulation of the de- 
veloper or it is difficult to avoid uneven development. 

In Fig. 311 is shown a developing tank which enables film in 35 mm. 
daylight loading magazines to be developed in full daylight. The film 
magazine is placed in the chamber to one side of the tank and the free 
end of the film projecting beyond the magazine is inserted in the spindle 
of the developing reel (Fig. 312). The film magazine and developing 
reel, which together form the cover of the tank, are then placed in the 
tank and the film wound on the reel by turning the knurled collar at 
the top (Fig. 311). The empty film magazine is then removed and the 
developing solution poured in through the opening in the top of the 
magazine chamber. During development, the agitation necessary for 
uniform development is obtained by rotating the developing reel by 
means of the knurled collar at the top of the tank. 

Developing Tanks for Sheet Film and Film Packs.—Three types 
of tanks for the developing of sheet film and film packs are shown in 
Fig. 313. All of these must be loaded in a darkroom or a changing 
bag. In (a) the films are held parallel to one another in a rack 
which is adjustable for different sizes; in (b) the film with its backing 
paper is bent double and inserted in the rack as shown. The tank 
shown in (c) is divided into three compartments for developing, fixing . 
and washing. Each tank has a drain and a light proof cover. The 
films are held parallel to each other in the rack shown at the right which 
is used for fixing and washing as well as for developing. 
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(c) 
Fic. 313. Tanks for the Development of Sheet Film in Amateur Sizes. 


NEGATIVE DEVELOPERS 


For purposes of discussion, negative developers will be divided into 
seven classes: 
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. General purpose developers. 

. Fine grain developers. 

. High contrast developers. 

. Two-bath developers. 

. Developers for use at a high temperature. 
. Rapid developers. 

. Physical developers. 


NO ot B® DN 


In a number of cases these overlap; a long useful life is characteristic 
of two-bath developers, which may also be designed for use at high 
temperature or for extremely rapid development, while physical de- 
velopers may be regarded equally as fine grain developers. 

These classes of negative developers will be discussed in the order 
named. 

General Purpose Developers.—A general purpose developer, 
when used with medium or high speed negative materials, should de- 
velop with moderate rapidity, produce good density and contrast, a 
reasonably fine grain suitable for contact printing and moderate en- 
largement, a low fog density, keep reasonably well in solution, be non- 
staining and develop the latent image fully; i.e. require no increase in 
exposure. Where, for any particular reason, one of these requirements 
assumes special importance, as in the development of miniature camera 
negatives which must be greatly enlarged, or when using sensitive mate- 
rials of the “process” type for copying line drawings etc., it is usually 
necessary to sacrifice the other desirable qualities and select a special 
purpose developer in accordance with the requirements. 

While approximately ten developing agents are in more or less gen- 
eral use for negative development, the combination of metol and hydro- 
quinone greatly exceeds all others in popularity. Included in the table 
on page 535 are the formulas of a number of metol-hydroquinone 
developers published by the manufacturers of negative materials and 
intended for general use. 

Fine Grain Developers.—Fine grain developers may be divided 
into three classes: 


1. Metol-hydroquinone, metol-paraminophenol or diaminophenol de- 
velopers employing a solvent of silver halide such as ammonium chlo- 
ride, hypo, sodium sulfite, or an-alkali thiocyanate. 

2. Paraphenylene developers. 

3. Paraphenylene-glycin, paraphenylene-metol and other paraphenyl- 
ene combinations. 
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The reduction in the graininess of the image obtained with developers 
of class 1 is due probably (a) to an actual reduction in the size of the 
developed grain due to the action of the silver halide solvent on the 
grain of silver halide in development, and (b) a more uniform distribu- 
tion of the grains of silver in the deposit as a result of development in 
the presence of a solvent of silver halide becoming largely physical in 
character. 

While a metol-hydroquinone developer containing ammonium chlo- 
ride was recommended by Lumiére and Seyewetz as early as 1904? and 
with diaminophenol by Lazenby in 1934,° the most successful developers 
of this class have been those employing high concentrations of sodium 
sulfite or an alkali thiocyanate. The first fine grain developer of the 
metol-hydroquinone borax type was published by Wellington, but the 
first to achieve widespread popularity was that of Capstaff, familiarly 
known as D-76.4 In developers of this type, borax or a metaborate 
is used, the lower alkalinity indirectly favoring the solvent action of 
the sulfite. 

Increasing the amount of sodium sulfite, or reducing that of the de- 
veloping agents, results in some improvement in graininess as does the 
addition of potassium bromide, but at the expense of effective emulsion 
speed, necessitating increased exposures and longer times of develop- 
ment. From a practical standpoint, the improvement in graininess is 
too slight to justify these disadvantages.® 

Mees appears to have been the first to employ an alkali thiocyanate 
as a silver halide solvent in a developer, but for the purpose of obtaining 
colored images on lantern slides rather than for negative development.® 
Strauss suggested the use of sodium thiocyanate for fine grain nega- 
tive development in 1937 and the following year Crabtree and Henn of 
the Kodak Research Laboratories published the formula of the first 
fine grain developer of this type as DK-20. This formula produces 
images with less graininess than the elon-hydroquinone borax formulas, 
comparing very favorably in this respect with paraphenylene diamine 
formulas. The effective emulsion speed is reduced by about 35% 
which, from a practical standpoint, is negligible and somewhat less than 
representative paraphenylene diamine developers. 


2 Lumiére and Seyewetz, Brit. J. Phot. 51 (1904) 630, 866. 

3 Lazenby, Brit. J. Phot. 81 (1934) 663. 

* Capstaff and Seymour, Trans. Soc. Mot. Pict. Eng. 10 (1926) 223. 

5 Crabtree and Carlton, Trans. Soc. Mot. Pict. Eng. 38 (1929) 406. 

6 Mees, British Journal Almanac 1912, p. 515. The use of thiocyanate was 
patented: U.S.P. 2,136,968 of 1936. The use of thiourea has also been patented: 
U.S.P. 2,147,441. 
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KODAK FINE-GRAIN DEVELOPER (FORMULA DK-—20) 


Water (about 1257 )=62° ©)... .- -750.0\ce: 96 oz. 
EA Gina erent Pete ern rere pe ee RE 5.0 gm. 290 gr. 
Sodium sulfite, desiccated............ 100.0 gm. 13% oz. 
Nodal (ams ucevae eee CR es fn er 2.0 gm. 116 gr. 
Potassiumatiiocyanatenssee ee ane 1.0 gm. 58 gr. 
Otassit TaD LONG Copan ee ene 0.5 gm. 29 er. 
Goldiwatertoumakessn ae eee es a 1.0 liter 1 gallon 


Dissolve chemicals in order given. 

Time of development from 14-18 minutes at 65° F. (18° C.) depending upon 
sensitive material, degree of agitation and negative contrast required. 

Developers of paraphylene alone are not widely used despite the ex- 
ceptionally fine grain of the image because it is obtained at the expense 
of emulsion speed which is reduced from 25 to 50% of that obtained 
with developers of the elon-hydroquinone borax type and in some cases 
even more. In addition, paraphenylene developers are toxic, stain the 
fingers, trays, etc. badly, develop slowly and it is sometimes difficult to 
obtain sufficient density and contrast. Developers of greater activity, 
with shorter times of development, may be obtained with the addition 
of an alkali, but the graininess increases rapidly with the activity. For 
these reasons, paraphenylene is usually used in combination with other 
developers of greater energy, such as metol, glycin or meritol. Of the 
many such “compromise” formulas, those of Sease, Lowe and Champlin 
are perhaps the most popular.’ 


PARAPHENYLENE DEVELOPERS (2) 
Dupont N.D. 3 


Na Ceti Sis Lear om, ete we Renee a a 975.0 cc. 30 fl. oz. 
Soditunmsulfite: (des?) ene 90.0 gm. 3 07. 
Paraphenylenediamine............... 10.0 gm. 146 gr. 
Gly cine ri ha esse ee ke tee ah pee a 2.0 gm. 29 gr. 
Water tormalkess..sesce eects rentals = 1.0 liter STi OA. 


Use full strength. Develop 15-30 minutes at 65° F. 


7 Sease, Camera (Phila.) 47 (1933) 1. Lowe, Zeiss Magazine 2 (1936) 75. 
Lowe, Camera Craft 43 (1936) 558. Champlin, Champlin on Fine Grain, Cam- 
era Craft Publishing Co. 1937. 


Harris—M.C.W. 100; An Entirely New Formula for Super-Fine Grain 
Development. Miniature Camera Mag. 2 (1938) 236. 

Muprovér¢—Tests of Fine Grain Developers. Brit. J. Phot. 86 (1939) 74. 

SryEwETz—Redevelopment for Fine Grain. Brit. J. Phot. 86 (1939) 186. 

SrvewEetz—Orthophenylene diamine for Fine Grain Development. Brit. J. 
Phot. 83 (1936) 487. 

ScHILLING AND DeH10o—Tests of Fine Grain Developers. Phot. Ind. 34 
(1936) 167. , 

Virrum (Eastman Kodak Co.)—Fine-Grain (Non-Fogging ) Photographic 
Developer. U.S.P. 2,113,312, 1935. 
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Rapid Development.—T wo bath developers are particularly well 
adapted to high speed processing since the degree of development is 
under better control than with the usual single solution developer. The 
Agfa two solution developer, and the Kodak formula SD-6 on page 
542 are rapid developers for use at temperatures up to 80° F. (25.5° C.) 
but formula SD-4 is not. A two-bath developer which is said to pro- 
duce satisfactory results in ten seconds consists of a 5% solution of 
hydroquinone with 2% sodium sulfite followed by a 30% solution of 
potassium hydroxide. The times of immersion are eight seconds in the 
first bath and two in the second at a temperature of 80° F. (26.7° C.). 
The time of immersion in the second bath should not exceed a few 
seconds or the gelatin may be softened and reticulation produced.’® 

For development within 30 seconds to one minute, the following 
single solution metol-hydroquinone developer has been recommended : ** 


Elonvormetolu merges rete ocecket eee eee 15 gm. 65.6 gr. 
Ey droquinone reser er aeceoe eee 15 gm. 65.6 gr. 
Sodinme'sulfites(dess) essere ee ein nee 50 gm. 219.0 gr. 
Sodiumphydroxidesemm me saci tn aera 20 gm. 87.5 gr. 
OLAS SMTA [NVAOMNOWD 005 codoesuesaacncce 1 gm. 4.4 or. 
Waterto.eycoee tree nenreharachitve o caceite 1 liter 10.0 oz. 


Use full strength. 


For temperatures above 85° F. (30° C.), the sodium hydroxide is 
reduced to 10 grains and the potassium bromide increased to 8 grains 
to reduce fog. 

With this developer in particular and with rapid developers in general, 
a 3% acetic acid stop bath to arrest development and prevent excessive 
contrast and fog is desirable. 

Two-Bath Development.—Methods of developing involving the 
use of two separate baths may be divided into three main classes 


Class I: Those in which the first bath contains all of the developing 
agents plus sodium sulfite and the second the alkali and the re- 
mainder of the sulfite.’ 


The gelatin swells and absorbs a certain amount of the developing 
solution in the first bath but little or no development takes place owing 


10 Starke, Phot. Ind. 35 (1937) 308, 310. 

11 Charriou and Valette, Rev. frang. Phot. 19 (1938) 205, 208. 

12 yon Janovich, Phot. Korr. 44 (1907) 359, 505; Knapp, Brit. J. Almanac 
(1932) 191; Crabtree, Parker and Russell, J. Soc. Mot. Pict. Eng. 21 (1933) 21; 
Baker, Brit. J. Phot. 56 (1909) 609; 58 (1911) 101. 
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to the absence of the alkali. When the film is transferred to the second 
bath development proceeds until the developing agents held in the gelatin 
have been exhausted or have diffused out into the surrounding solution. 
Developers of this type result in an almost constant degree of develop- 
ment (y) regardless of the time of development or the temperature of 
the solution and hence possess certain advantages where a certain fixed 
degree of development (y) is desired. 

Two-bath developers of this type have a long useful life. The first 
bath is changed but little and requires only the addition of fresh solution 
to replace that carried out by the film. Reaction products which re- 
strain development accumulate in the second bath which must be re- 
newed frequently. The degree of development (y) remains practically 
constant during exhaustion. 


Class II: Two-bath developers in which both contain the developing 
agents, sulfite and alkali but in different proportions. 


In developers of this type the first bath is designed to serve as a 
replenishing solution for the second. Since the quantity of the first 
bath carried over into the second is proportional to the quantity of film 
processed ; if the formula of the first bath is designed to fit the particular 
conditions of use the rate of development will remain uniform. Two- 
bath developers of this type, therefore, permit of greater exhaustion 
than do single bath developers without a corresponding loss in effective 
emulsion speed or rate of development. 


Class III: Two-bath developers of like composition. 


A two-bath developer of this type has a longer useful life than a 
single bath developer since development is begun in a fresh bath and 
completed in one which is partially exhausted. Investigation has shown 
that this may be done without loss in effective emulsion speed and with- 
out materially affecting the quality of the negative.'* 

The time of immersion in the first bath is short—only long enough 
for the image to appear—hence, the rate of exhaustion is much less 
than that of a single bath developer of the same composition. Then, 
when the second bath is exhausted, the first bath is replaced with fresh 
solution and it in turn becomes the second bath. 


13 Dundon, Brown and Capstaff, J. Soc. Mot. Pict. Eng. 44 (1930) 389. 


ForMSTECHER—Development in Two Successive Baths. Phot. Ind. 29 
(1931) 683. 
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Processing at High Temperatures.—The primary problem in the 
processing of negative material at a high temperature is to avoid undue 
swelling of the gelatin with its attendant difficulties, frilling, reticula- 
tion, melting, separation from the base, etc. A secondary but important 
consideration is developing without producing an undesirable amount 
of fog or stain. The various methods of processing at high tempera- 
ture may be divided into three classes. 

1. Hardening before processing. 

2. Hardening in development. 

3. Prevention of swelling in development followed by hardening in 
a separate bath after development and before fixation. 

Processes based upon hardening before development. The most 
satisfactory substance for hardening prior to development is formalin 
(40 percent formaldehyde) in alkaline solution or in conjunction with 
a salt—such as sodium sulfate, citrate or disodium orthophosphate— 
which has the property of repressing the swelling of gelatin in warm 
water."4 

Formalin hardens gelatin in alkaline solutions only and an unde- 
veloped emulsion will soften if placed in a plain solution of formalin. 

Methods based upon hardening in development. Under ordinary 
conditions, pyro and pyrocatechin are the only developing agents having 
a pronounced tanning action on gelatin. Metol-hydrochinon developers 
with a smaller than usual amount of sodium sulfite harden gelatin in 
consequence of the production of insolubilizing oxidation products.” 

The tanning action produced in such cases is not uniform but varies 
with the density of the developed image and the developing solutions 
have poor keeping properties. 

The addition of formalin to many developers results in strong fog 
and stains. Fogging may be reduced by the addition of a desensitizing 
agent such as phenosafranine or pinakryptol and by increasing the 
amount of soluble bromide. A two-bath developer, one bath containing 
the developers, the other the alkali and hardener is particularly ad- 
vantageous for developing at high temperatures because under such 
conditions it is possible to use formalin without the troublesome re- 
actions that occur between formalin and the developing agents in a 
single bath developer.*® 


14 The use of formalin and such salts for hardening is protected by British 
Patent 128,337 (Brit. J. Phot. 66 (1919) 460). 

15 Lumiére and Seyewetz, Brit. J. Phot. 75 (1927) 134. 

16 Parker and Crabtree, Amer. Phot. (1936) 67, 142. 
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Processes based upon the prevention of swelling during develop- 
ment followed by permanent hardening. The swelling of the gelatin 
during development may be reduced (1) by using concentrated develop- 
ers and (2) by increasing the concentration of the developing solution 
through the addition of inert material such as sodium or potassium sul- 
fate, glucose or sugar. The use of a concentrated developer, to reduce 
the time of development, and the addition of sodium sulfate, to prevent 
abnormal swelling of the gelatin, enables development to be conducted 
satisfactorily at temperatures of 75° F. (24° C.) to 90° F. (32° C.) 
if the film is permanently hardened in the following chrome-alum, 
sodium sulfate stop bath immediately after developing and before 
fixing.?* 


Waiter sien event eee ttg en. os exes Meee gte eas a 1.0 liter SCH 
Potassitimichromevalumu.ss hee oe ee 30.0 gm. 1 oz. 
*Sodium sulfate, desiccated................ 60.0 gm. DROZe 


*Tf it is desired to use sodium sulfate, crystals instead of desiccated, then 314 
ounces per quart (105 grams per liter) should be used. 


Agitate the film for 30 to 45 seconds when first immersing it in the 
hardener, or streakiness will result. The bath is a violet-blue color by 
tungsten light (white bulb) when freshly mixed, but it ultimately turns 
a yellow-green with use; it then ceases to harden and should be replaced 
with a fresh bath. Allow from three to four minutes for hardening 
and then transfer to the usual fixing and hardening bath. 

Regardless of the method employed in processing photographic ma- 
terials at a high temperature, it is important that the temperature of the 
various solutions be kept as nearly alike as possible. The transference 
of the film from a cold solution to a warmer one, or vice-versa, subjects 
the gelatin layer to strain which is likely to result in reticulation. 
Recent experiments have shown that the excessive graininess of films 
processed in warm solutions is a mild form of reticulation although not 


17 The use of sodium sulfate and similar substances as an addition to developers 
for the purpose of preventing the swelling of the gelatin was recommended by 
Bunel, Bull. Soc. frang. Phot. (1910) 174; Brit. J. Phot. 57 (1910) 399, by 
Lumiére and Seyewetz; Brit. J. Phot. 58 (1911) 137, and Eastman Kodak Co.; 
Brit. J. Phot. 71 (1924) 762. 


JAENICKE—Shortening the Development Time of Photographic Negatives. 
Phot. Ind. 35 (1937) 514, 540. 

LUMIERE AND SEYEWETZ—Developers for Hot Climates. Phot. Rund. 63 
(1926) 491. 
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immediately recognizable as such. The effect of a sudden change in 
temperature is at a maximum with swollen gelatin, hence, the desirability 
of preventing swelling at all stages of processing and hardening the 
film permanently as soon as possible. 


DEVELOPERS FOR USE AT HIGH TEMPERATURE 
TROPICAL DEVELOPERS 


Agfa 64 Kodak D 91 

WraterIo alta (S25) 750.0 cc. 24 oz. 750.0 cc. 24 oz. 
INT EOL aera tt eter tee roe keeesee 2.5 gm. 36 gr. 

Paraminophenol hydrochloride. 7.0 gm. 100 gr. 
Sodium sulfite (des.).......... 25.0 gm. | 34 0z.40 gr. | 50.0 gm. | 1 oz. 290 gr. 
Hy. droquinoness) ee eeiasae 6.5 gm. 95 er. 

Sodium carbonate (des.)......| 15.0 gm. | %oz. 15 gr.] 50.0 gm. | 1 oz. 290 gr. 
Potassium bromide........... 1.0 gm. 15 gr. 

WW termetonmalcensni es Sena 1.0 liter 32 oz. 1.0 liter 32 oz. 


Agfa 64: Use without dilution. Develop from 2 to 4 minutes at 65° F. (18°-C.) ; 
2 to 3 minutes at 85° F. (29° C.). 

Kodak D 91: Use without dilution. Average time of development 7 to 9 minutes 
at 65° F. (18° C.) and 3 to 4 minutes at 80° F. (26.5° C.). At temperatures 
above 80° F. add 1144 ounces sodium sulfate per 32 oz. solution (45 grams per 
liter). 


Contrast Developers.—A developing solution designed for maxi- 
mum contrast with process materials must produce density readily and 
be free from any tendency to fog even with prolonged development. 
At the present time, this condition is most nearly satisfied by concen- 
trated metol hydroquinone or hydroquinone developers with a high 
concentration of alkali restrained with potassium bromide. To secure 
the high alkalinity necessary for rapid development, the alkaline car- 
bonates are frequently replaced by the caustic alkalis, such as sodium 
or potassium hydroxide, while for certain sensitive materials the use 
of para-formaldehyde is recommended. Developers of this type should 
act rapidly so that full density is produced before the restraining effect 
of the potassium bromide is overcome. 

From a practical standpoint, it should be noticed that developers of 
this type should not be used at temperatures below 60° F. or above 
70° F. Also, to prevent stain, the negative should be rinsed well be- 
tween development and fixing.’® 


18 Southworth, Brit. J. Phot. 75 (1928) 680, 706. 
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Physical Development.—The process of development mistakenly 
known by this term consists in the use as a developer of a solution con- 
taining a silver salt in conjunction with a suitable reducing, i.e., develop- 
ing agent. The reducing agent results in the formation of metallic 
silver in a colloidal state which is precipitated upon the latent photo- 
graphic image. Thus the image is formed as a result of the deposition 
of silver from the developing solution and not, as in the usual method 
of development, by the reduction of the exposed grains of silver halide 
in the emulsion to metallic silver. 

So far as negative development is concerned, physical development 
is of interest chiefly as a means of obtaining an image of extremely 
fine grain. With physical development, the grain size of the image is 
largely independent of that of the emulsion. As applied to the de- 
velopment of transparencies, physical development is notable for the 
rich, velvety, transparency of the shadows and the unique bluish-black 
tones, while as a means of intensification it has the advantage of acting 
proportionally and unlike many other methods of intensification pro- 
ducing permanent results. 

Against these advantages must be set certain disadvantages: (1) 
the process is slow, (2) more than ordinary care and attention to detail 
is required, (3) there is less latitude in exposure, (4) there is less con- 
trol over the contrast of the negative. 

In 1939, Odell’s procedure was improved by McQuown, who added 
borax to the developer. The formulas and directions which follow are 
the revised procedure due to McQuown: 


Forebath— 
Potassium iodide........: se ee nae eee 23.5 gm. 106 gr. 
Sodimmusulfite) (dess) ammerire vase te: 51.5 gm. 250 gr. 
Wratertomnaker,spcteactrc seer eeweier acres set 1.0 liter 20 oz. 


Use full strength. The time of immersion is 40 seconds. Finally rinse for 20 
seconds. 


Developer (stock solution)— 


Sodium sulfite (des.):............ 96.0 gm. 1 oz. 403 gr. 
Silvermnitraterchystalee nee cemerr e 13.7 gm. 120 gr. 
Boraxpowceredir saecer oer eorte 13.7 gm. 120 er. 
Sodiumethiosulfate sere ee see 120.6 gm. ZTOZ SON SIGs 
Water tosimake vec... ncasptemtaod ae 1.0 liter 20 oz. 


The stock solution must be made up carefully by first dissolving the 
sodium sulfite in water at a temperature of about 120° F. (50° C.). 
The silver nitrate is then dissolved in about 4 ounces of water at the 
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same temperature. The silver solution is then added, precipitate and 
all, slowly to the solution of sodium sulfite with vigorous stirring. The 
borax is then added to the solution and finally the sodium thiosulfate, 
after which the total volume is made up to 20 ounces or 1 liter. The 
solution should be allowed to stand for 12 hours before use and filtered 
with Whatman No. 2 filter paper. 

The working solution is made up as follows directly before use: 


Stockisolutioni.s. op ee ae ee 250 CG 1 oz. 
Watertto maken cuneate Ae JS ORmmCe 4 oz. 
Diaminophenolhaans- epee eee ee 2.75 gm. 6 gr. 


The time of development depends upon the sensitive material and 
the contrast required but varies from 12 to 20 minutes at 65° F. 
(18.5° C.). It is best to develop wholly by time as the image appears 
to be lacking in density and contrast until after it has been fixed, so 
that it is difficult to follow development by inspection. 

After development, the film is rinsed briefly and fixed in an acid 
hardening and fixing bath in the usual way. 

Horizontal Development.—This term is applied to a method of 
development advocated by Walter in 1907, in dealing with negatives 
of contrasty subjects. The tray is made absolutely level, the develop- 
ment solution poured over the plate or film and left undisturbed until 
development is complete. Sensitometric studies of the results ob- 
tained have been made by Mees and Wratten and by Heydecker. The 
latter, using a dilute glycin developer requiring 50 minutes to develop, 
found that the lower densities—those lying in the toe of the D log E 
curve—are increased, while the higher densities are depressed and the 
shoulder of the curve begins at a lower density. 

The developing tray must be absolutely level and the solution totally 
undisturbed during development if the end sought is to be attained. 
The theory of this method of development is that those portions of the 
negative which have received the most exposure develop first and 


McLaren—Physical Development. Brit. J. Phot. 85 (1938) 464. 

McQuown—Physical Development. Brit. J. Phot. 85 (1938) 446. 

McQuown—A Method of Physical Development. Brit. J. Phot. 86 (1939) 
470, 483, 499. 

Opett—After Four Years of Physical Development. Brit. J. Phot. 84 
(1937) 310. 

TuRNER—Physical Development in Practice. Brit. J. Phot. 85 (1938) 403. 

TurNner—A Year’s Work on Physical Development. Minature Camera 
World, Feb. 1939, p. 127, 
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release free bromide which, owing to the stagnant developer, remains 
in the vicinity where it is created and serves to retard development, thus 
preventing the highlights from attaining their full density, while the 
lower densities are being fully developed. 

In the P and H process developed by Frank Perry,?® the film is 
first immersed in a concentrated developer removed soon after the image 
has appeared, squeegeed to a glass plate, and then placed in water at a 
temperature of 70° until development has been completed. 

A modification of this process suggested by Knapp ”° consists in 
alternate immersion of the film in developer and in water. The de- 
veloper recommended by Knapp contained 2 grains of diaminophenol 
and 10 grains of sodium sulfite per ounce of water, but other developers 
can be used; in metol-hydroquinone developers, however, the hydro- 
quinone should be replaced by chloro-hydroquinone or aerial fog may 
be obtained. 

The Time of Development.—The time of development is de- 
termined by (1) the degree of development, or y, desired and (2) by 
the time of development required under given conditions to reach that 
gamma. 

The effect of increasing the degree of development, or y, is to in- 
crease the density scale, or contrast, of the negative, hence, the degree 
of development depends upon the density scale desired in the negative. 
This in turn depends upon: 


1. The exposure scale of the paper. The longer the exposure scale 
of the paper (lower contrast) on which the print is to be made, the 
greater the range of density required in the negative. 


19 Perry, The P & H Process, Camera Craft Publishing Company, San Fran- 
cisco, California. 
20 Knapp, Brit. J. Phot. 80 (1933) 191. 


Knapp—Knapp System of Development. Brit. J. Phot. 80 (1923) 191. 

Megs AND WraTTEN—Brit. J. Phot. 54 (1907) 172. Heydecker, Brit. J. 
Phot. 70 (1923) 635. 

WaLtter—Brit. J. Phot. 54 (1907) 884. 

Water-Bath Development (Editorial Comment). Brit. J. Phot. 81 (1934) 
422. 

Rozrnson—Some Notes on Water-Bath Development. Brit. J. Phot. 82 
(1935) 728, 

SmetTHuRsT—Knapp Development—Watkins Development Ratings. Brit. 
Je not. 80, (1933) 129. 
(Adaptation of the Knapp method of Water-Bath development to time 
development by the Watkins Thermo method.) 
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2. The manner of printing. Projection printing tends to increase 
the contrast of the print particularly if condensing lenses are used, so 
that, in general, negatives should have rather less contrast for projection 
printing than for contact printing. 

3. The brightness range, or contrast, of the subject. As the bright- 
ness range of the subject increases, the degree of development, or y, 
required to produce any given range of densities in the negative becomes 
less and less. Thus, assuming that the print is to be made on a par- 
ticular printing paper, negatives of subjects having an extended bright- 
ness range such as landscapes including figures beneath trees and open 
sky, snow scenes with dark objects or shadows near the camera and 
many interiors, require a lower gamma than subjects of low contrast, 
as for example, open landscapes, ordinary landscape on dull day, water 
and sky, old and weatherbeaten buildings in dull light, athletic events 
in the open, etc. 

The time of development required to reach any given gamma depends 
upon: 

1. The developer. This involves (1) the formula and (2) its previ- 
ous history; i.e. whether fresh or used and, in case of the latter, the 
degree of exhaustion. 

2. The conditions of development. Included under this head, are 
such factors as degree of agitation and temperature. 

3. The developing speed of the film or plate. Sensitive materials 
differ considerably in the time of development required to attain a 
given stage of contrast. Information on this subject may be obtained 
from the Burroughs Welcome Diary and Exposure Guide, published 
annually, and in the instruction booklets published by the manufacturers 
of sensitive materials. 

Determining Developing Time by Inspection.—The time of de- 
velopment required to obtain a negative having a suitable density scale 
may be determined by visual examination of the image from time to 
time during development. However, satisfactory results can be ob- 
tained by this method of developing only if one has acquired the ability 
(1) to recognize the density-scale required and (2) to make the proper 
allowances for (a) the dim light of the safelight lamp and (b) the 
effect of the undeveloped silver halide, which increases all the densities 
of the image but reduces the density differences, or contrast, and is 
the cause of the “fixing back” (i.e., loss of density upon fixation) which 
is so disconcerting to one developing by inspection for the first time. 
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Development by inspection is thus a matter of judgment based upon 
experience. As such it is not an ability which can be expressed in 
terms which convey a definite meaning to another; it must be acquired 
through practice. One suggestion, however, can be made; the density 
relationships of the partially developed negative are more readily esti- 
mated if it is held with the body of undeveloped halide (i.e., the back 
of the film or plate) away from the safelight facing the observer. 

As it is absolutely necessary to expose the plate or film to the direct 
rays of the safelight for at least a few seconds in order to follow the 
progress of development, it is obvious that there is real danger of fog 
with high speed materials unless desensitized. With supersensitive and 
hypersensitive panchromatic plates and films exposure to light of any 
kind during development is inadvisable and development by inspection 
is really practical only if a desensitizer is employed. 

Factorial Development.—The relation between the time of ap- 
pearance of the image and the time of development is sometimes called 
the arithmetical coefficient of development, or more frequently the 
Watkins factor, after Alfred Watkins who developed a method of 
determining the time of development based upon this relationship (fac- 
torial development). 

For a constant gamma, the factor depends chiefly upon the developing 
agent and is not altered by temperature, by variations in the proportion 
or nature of the alkali employed, nor the dilution—except in the case 
of pyro and diaminophenol. In general, the factor does not change 
for different emulsions except with some few which contain a large 
percentage of iodide. 

The factors for a few of the common developing agents are as fol- 
lows: 


PNCUIEOUetaa a ne soci eso oc alelsy sceherolsielsrayece 5 Amidol (2 gt; to the oz.) 2.2)... 18 
ay Locatechitnesem acuta. cles terete: 10 ROdinaliyy; a. s ee cecieleleiee errs eve 40 
Hydrochinon (min-KBr) ........ 5 Opto lame srsacaraed crtove sisi slolarsl os ote tiers 10 
BAkOno genes cysieleleisiccis.s lerele s-szacerelovs 9 ES TIO Mua opatas eter She letelskeieleeherere rexeiors 20 
Git (Carin SOCky)) ooceacncsadc 8 Pyro (depending on dilution) .. 5-15 
Gioia, (Caxdos 12O!9N), ooacoaocsds 12 

Ratamidophenolim. acc scilecrclelcteriers 16 


With any given developing agent the factor depends upon the degree 
of contrast, or gamma, which it is desired to reach. Once the factor is 
found for any given set of conditions the time of development can 
always be readily determined by multiplying the time of appearance by 
the proper factor. 
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As a means of determining the time of development, the factorial 
method has two disadvantages: (1) the time of appearance, and con- 
sequently the time of development, varies with the exposure so that 
underexposures are overdeveloped and overexposures, underdeveloped ; 
(2) the difficulty of applying the method to color sensitive materials 
due to the danger of fog if the safelight is sufficiently bright to enable 
the first appearance of the image to be observed accurately. With 
panchromatic and highly sensitive orthochromatic materials, factorial 
development is practical only if the film or plate is first desensitized. 

Time Development.—Development by time was largely the out- 
growth of the photochemical investigations of Hurter and Driffield. 
Ferguson and Howard investigated the rate of development at different 
temperatures and Alfred Watkins did much to render the method popu- 
lar by his carefully compiled tables of the time of development at va- 
rious temperatures for different films and plates. 

Development by time does not depend upon acquired skill in the esti- 
mation of the density-range of a negative, nor on observing the time 
of appearance of the image. 

Since visual examination of the image is unnecessary at any stage, 
time development is the only really satisfactory method in the case of 
panchromatic materials of extreme sensitivity (unless desensitized), in 
machine processing and to a lesser degree in large-scale processing by 
any method. 

Development for a fixed time based upon the time required for a 
given gamma, however, does not allow for variations in the developer, 
in the developing time of different batches of the same plates or film, 
the degree of agitation nor variations in the time of development, re- 
quired with different subjects to produce negatives suitable for a par- 
ticular paper. 

Tables indicating the time of development for a given contrast on 
plates and films of their own manufacture in certain recommended 
formulas are published by most manufacturers of sensitive materials.?* 
In some cases, developing times are given for different gammas but little 
or nothing has been published on the gamma to which the negative of 
a given type of subject should be developed to be suitable for a par- 
ticular printing paper. This difficulty is largely overcome in practice 

21 Also in the Burroughs-Wellcome Handbook and Exposure Guide, Burroughs- 
Wellcome Ltd., New York and the Thermo Development Chart, American Photo- 


graphic Publishing Co., Boston, Mass. Photo-Lab, Index, Morgan and Lester, 
New York, 
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by selecting a paper with an exposure scale which is suitable for the 
negative. If the negative must be developed so as to produce the de- 
sired result on a particular paper one can do more for himself through 
a few systematic, carefully planned and well conducted experiments 
than others can do for him. 

Fixing and Washing.—The fixing and washing of negative ma- 
terials is discussed in Chapter XI. The paragraphs which follow deal 
more particularly with special processes. 

Hardeners for Use after Washing.—Where a negative is ex- 
pected to receive considerable handling and may as a result accumulate 
a goodly number of scratches and abrasion marks, it is well to harden 
the gelatin thoroughly in a special hardener or “scratchproofing”’ solu- 
tion. These solutions produce a hard, glossy surface which resists 
scratches and abrasion to a considerable degree. A typical formula 


22 : 


is: 
“ARG eT ON G-eVGi Giles Cos Presa Be a eee eeu ec oat 25 gm. VY oz. 
HOtwaternttOmerer ns nse ok cae a. 900 cc. OO) Ov4. 
When cold and the solution is clear, add: 
Formalines(4090) exes elena cea ease fe 100 cc. ozs 


For use, dilute one part of the above to fifteen parts of water. Im- 
merse the clean grease-free negative in this solution for five minutes, 
wash briefly and dry. 

The following chrome-alum formaldehyde formula is recommended 
for negatives to be dried quickly by heat: 


Chromeraltimaaee een ee 125 gm. 114 0z. 
Waiter 5 (02 55))\ heen secraeeAeeneteer e ores heen 1.0 liter 1OMeROZ 
Potassium metabisulfite:2324.......... 34 gm. Se oe. 
When cold and the contents completely dissolved, add: 
Kormaldehy.dea(402) stresses ee 400.0 ce. 4 oz. 


For use, take one part of the above to fifteen parts of water, remove 
any deposit from the wash water or fixing bath adhering to the negative 
with a viscose sponge, wet absorbent cotton or chamois and immerse in 
the hardening solution for five minutes. Then wash for a few minutes 
and dry. 


22 Willcock, Brit. J. Phot. 87 (1940) 65. 


MerEs AND WratreEN—Development by Time. Brit. J. Phot. 57 (1910) 
376; Phot. J. 50 (1910) 403. 

Watxins—Testing the Developing Speed of Plates. Brit. J. Phot. 68 
(1921) 383. 
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The irritating vapors of formaldehyde may be avoided by the use 
of trioxymethylene (polymerised formaldehyde) .** 


Sodittimpearbonaten(dny)) ere eer semen eer 6.8 gm. 30 gr. 
Jirioxyvimethylenesseer omer oe oi 3.4 gm. Spo 
Wrater:tOa kh. <op east ee eacreens ae eae ne 1.0 liter 10 oz. 


This is used full strength in the same manner as the previous formula. 

Drying.—Upon being removed from the washing tank, the sur- 
faces of the negative should be wiped carefully with a wet viscose 
sponge, chamois or absorbent cotton to remove dirt and slime which 
may have become attached to the film and to prevent the formation of 
drops of water which result in drying marks due to the difference in the 
time required to dry. 

Rapid Drying.—Drying by heat cannot be forced by raising the 
temperature, or decreasing the relative humidity of the air, because for 
trouble-free drying, it is necessary that the water be removed more or 
less uniformly throughout the emulsion layer while, under the conditions 
just described, the warm air removes the surface water but that within 
the emulsion layer must be removed by the slower process of diffusion 
to the surface. Under these conditions, a strain may be set up in the 
gelatin layer which tends to increase the graininess through the redistri- 
bution of the clumps of silver grains to still larger aggregates and, if 
considerable, may lead to reticulation, frilling, blisters and excessive 
curling of the film base. 

McCutcheon *4 has found that negative materials may be safely dried 
within three to five minutes, if the surface water is first thoroughly 
removed with a viscose sponge or chamois, by the infra-red radiation 
from carbon filament drying lamps. The heat rays from lamps of this 
type are within a wave length region which is strongly absorbed by 
water, but only slightly by the gelatin and film base; consequently, the 
water is evaporated more or less from the whole of the gelatin layer at 
the same time and not progressively from top to bottom as when warm 
air is used. The lamps may be obtained with inside reflectors or may 
be installed in special aluminum Azak reflectors placed from ten to 
twelve inches from the film. A fan may be used to advantage to re- 
move the water vapor driven off from the film and thus reduce the time 


23 Crabtree and Russell, B.P. 466,897 (1937) I. G. Farbenindustrie A. G. Use 
of an organic colloid with polyacrylic acid methyl ester and the like as a hardener. 

24 Amer. Phot. 34 (1940) 16. Drying lamps are now obtainable in sizes ranging 
from 250 to 1000 watts. The Magazine of Light 3 (1940) 16. 
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of drying. In designing equipment for negative drying using infra-red 
producing, drying lamps, the lamps should be placed so as to expose the 
surfaces of the negative uniformly. These lamps dry by exposure to 
infra-red radiation; they should not be used to heat the air in contact 
with the film as when drying by heat from other sources. 

Another method of drying negatives rapidly is through the use of 
liquids which displace the water and evaporate more rapidly. Either 
ethyl or methyl alcohol may be used, but the former is preferable in the 
case of films as methyl alcohol attacks the base. Acetone is open to the 
same objection. The milky appearance which is produced occasionally 
with ethyl alcohol may be avoided by the addition of 1% glycerin or 
salicylic acid.”® 

The use of heat for drying may lead to a general opalescence due to 
the dehydration of the gelatin and may be removed by immersing the 
negative in water and drying normally. The whitish deposit caused by 
the presence of lime in the wash water, however, cannot be removed 
without danger to the negative. 

Concentrated solutions of certain salts which are highly soluble in 
water, as for example, aluminum or sodium sulfate and potassium car- 
bonate, have the property of replacing water in gelatin and may be used 
for the rapid drying of negatives.2* Thus, if a wet negative is placed 
in a saturated solution of potassium carbonate for four or five minutes, 
the gelatin is almost completely dehydrated and, after blotting off the 
surplus solution and wiping the surface with a soft cloth, the negative 
is ready for printing. 

This process affords a ready means of drying a negative temporarily 
so that a few prints may be made for immediate use; when the prints 
are made, the negative should be placed in a small quantity of the solu- 
tion which should then be diluted with water and finally placed in run- 
ning water for ten to fifteen minutes and dried in the usual way. If 
the negative is placed directly in running water, the gelatin may be dis- 
rupted and the negative ruined. | 

25 The use of salicylic acid is protected by D.R.P. 507,021 I. G. Farbenindustrie. 


Atelier, 45 (1938) 158. 
26 Lumiére and Seyewetz, Brit. J. Phot. 59 (1912) 360, 


CHAPTER XIX 
DEFECTS IN NEGATIVES 


Introduction—In the pages which follow some of the more 
common defects in negatives are described together with an explana- 
tion of their cause and prevention. Considerations of space prevent 
the inclusion of all the possible difficulties arising from the improper 
handling of the camera. In the present chapter, those of most fre- 
quent occurrence are discussed as well as those difficulties which arise 
through the improper treatment of sensitive materials in processing. 
The chapter has been designed to be convenient for ready reference 
and consequently the headings have been made sufficiently descriptive 
of the defect to enable it to be readily identified. 

Part of Image Is Out of Focus.—Error in focusing or insuff- 


cient depth of field. Using camera swings without a sufficiently small 
diaphragm. ‘ 


Blurred Image.—Image not properly focused. Camera moved 
—image uniformly blurred; subject moved—part of image will be 
sharp. 

Part of Image Cut Off.—View finder does not include the same 
field as the lens. This is‘due to bad adjustment but all ordinary view 
finders are adjusted for an object some distance from the camera and 
do not include the same field as the lens on nearby objects. 

When reversible view finders are used, trouble frequently arises from 
using the vertical portion of the finder for a horizontal picture and vice 
versa. 

Dark Circle in Center of Negative.—Shutter opened with the 
camera closed. 

Tangle of Lines.—Pinhole in bellows. Less frequently in cam- 
era front. 

Double Image.—Accidental double exposure. Small opening 
in front of camera. Failure to wind film after exposure (roll film). 
Shutter may not completely close. 

Lack of Sharpness.—Plate or film holder does not register with 
ground glass. Ground glkass reversed. Mirror out of register (Re- 
flex). Marginal unsharpness—film not lying flat in focal plane. 
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Clear Spots.—Dust in camera. Brushing off films before load- 
ing in cut-film holder electrifies the base and causes dust to be attracted. 

Fine Parallel Lines (on roll film)—Scratching of the emulsion 
from some sharp object in camera. Possibly grit. Pinhole in blind 
of focal-plane shutters. 

Bright Objects Are Surrounded by a Vignetted Margin of Great 
Density.—Halation (see p. 384). Lens not clean. 

Clear Band Across One Side of the Negative.— 

1. Failure to completely withdraw slide of holder. 

2. Cut-off by bellows. 

3. Film tab of previous exposure not completely withdrawn (film 
pack). 

4. Baseboard of camera in view (occurs only with wide-angle lenses 
when focused from the front). 

Errors in Exposure and Development.—An underexposed nega- 
tive is lacking mm density and in shadow detail. If the degree of under- 
exposure is slight, detail may be present in even the deepest shadows 
but does not have the contrast required for good printing quality. The 
contrast of the negative as a whole may be either low or high depending 
upon the subject and the degree of development. 

An overexposed negative is dense and the contrast of the negative 
as a whole, and particularly the shadow portions, is less than that of 
a properly exposed negative. The lack of contrast is particularly 
noticeable if the time of development has been shortened to prevent 
the density from becoming too great. 

Errors in exposure may be due to: 


1. An error in estimating or measuring the brightness of the subject ; 

2. In making the proper allowance for the color of the subject or the 
nature of the light source; 

3. In setting the diaphragm or shutter speed. 

An underdeveloped negative is lacking in contrast and also in den- 
sity, unless overexposed. Underdevelopment may be distinguished 
from underexposure by the difference in the contrast of the image. 
The underdeveloped negative is of lower contrast and has more detail 
in the shadows. 

Overdevelopment results in high contrast and density, particularly 
in the highlights. Overdevelopment may be distinguished from over- 
exposure by the difference in contrast and the lower density of the 
shadow portions of the image. Errors in development may be due to: 
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. The time of development, 

The temperature, 

Variation in the temperature during development, 
The dilution of the developer, 

The composition of the developer, 

. The rate of development of the sensitive material. 

Boe —Fog may be due (1) to exposure to light before or during 
development, (2) to the developer itself, (3) to impurities in the de- 
veloper, and (4) to exposure of the sensitive material to air during 
development (aerial or oxidation fog). 

Exposure to light before development may arise from a number of 
sources and may result in either local or general fogging of the image. 

Local fogging may be due to: 


AWROWNS 


1. Opening in bellows or front of camera admitting light. 

2. Reflection from bright metal parts in camera. 

3. Opening between the back of the camera and the film or plate 
holder, the film pack adapter or the roll holder. 

4. Inserting the slide of a film or plate holder, or a film pack adapter 
by the corner, or twisting the paper tab of a film pack when withdrawing. 

General fogging may be due to: 

1. Exposing the film to an unsafe light when loading, or prior to 
development. 

2. Exposure of the sensitive material to fumes of burning gas, gaso- 
line, turpentine, ammonia, sodium sulfide, etc. 

3. May also be due to an opening in the camera admitting light or to 
reflection of light from the folds of the bellows which have worn 
smooth through use. 

Fog may be produced during development as a result of : 

1. Excessive exposure of the film or plate to light. 

2. The use of a safelight which is not suitable for that particular 
sensitive material. 

3. A developing solution incorrectly compounded, containing too 
much alkali, too little restrainer, used without proper dilution or at 
a temperature above normal. 

4. A developing solution contaminated with hypo or metallic salts 
such as those of tin, copper or zinc. Traces of these salts may be due 
to old brass faucets or piping, to developing tanks and equipment of 
brass, to the use of solder in the construction of the processing equip- 
ment, or to mixing developers in galvanized vessels. 
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5. A developing solution containing sodium sulfide formed by the re- 
duction of the sulfite by bacterial or fungous growths. This occurs 
ordinarily only in the deep tanks employed in photo finishing or in 
motion picture production where the developer is used without changing 
for several weeks. A developer which produces sulfide fog may be 
reconditioned by the addition of from 0.5 to 0.75 gram of lead acetate 
per liter. If the developer still fogs, it should be discarded. 

Sulfide fog may be prevented by keeping tanks and processing equip- 
ment clean and by sterilizing the tanks periodically with a solution of 
sodium hypochlorite followed by rinsing in water. 

6. Excessive exposure of the sensitive material to air during develop- 
ment. The fog produced through oxidation of the developer when the 
developer-laden film is exposed to air during development is known as 
aerial or oxidation fog.t Under ordinary conditions, aerial fog occurs 
only with developers containing hydroquinone, but may be produced by 
other developing agents if contaminated with copper and tin salts. 
Aerial fog may be prevented by the addition of a small quantity of used 
developer or a desensitizer. One part of Pinakryptol green to 50,000 
parts of developing solution is sufficient to prevent aerial fog under 
ordinary conditions. 

An excess of sulfite will produce what is termed sulfite fog. Silver 
bromide is soluble in sodium sulfite, and the fog produced by an excess 
of sulfite is due to the reduction of the silver salt dissolved by the sulfite 
to metallic silver by the developer.2, The amount of sulfite required 
to produce fog varies with different developers but is usually not less 
than 50 grams of sodium sulfite per liter. Where a large quantity of 
sulfite is required as in tank developers designed for continuous use or 
in fine-grain developers, the amount of potassium bromide should be 
increased, or the developer conditioned by the addition of a small quan- 
tity of used solution, to prevent sulfite fog. 

Developer or Oxidation Stain.—Stains due to the oxidation of 
the developer may arise from: 

1. The use of an incorrectly prepared developer lacking sufficient 
sulfite to prevent excessive oxidation. 

2. Developing at a temperature above normal thus favoring increased 
oxidation of the developer. 

3. Exposing the sensitive material to air during development, before 
transferring to the fixing bath, or in the early stages of fixing. 


1 Crabtree, American Annual of Photography (1920) 20. 
2 Mees and Piper, Phot. J. 51 (1911) 226; 52 (1912) 221. 
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4. The use of an old, oxidized developer. 

5. The use of a plain fixing bath, or a partially exhausted acid fixing 
and hardening bath lacking sufficient acid to neutralize the alkali in 
the developer carried over on the sensitive material and prevent its 
oxidation. 

The use of a stop bath is an almost certain preventative of all stains 
produced by oxidation after removing the film from the developer. 

Developer stains may be removed as follows: 

First harden the film by bathing for two or three minutes in an alka- 
line solution of formalin and wash for five minutes, otherwise the 
gelatin is apt to soften and frill during the subsequent treatment. Then 
bleach in: 


Metric Avoirdupois 

Stock Solution A 

Potassium permanganate........... Seo Wos) PAU US) GaP. 

Wa ten townake sae waren ese ee 1 liter 32 OZ. 
Stock Soluiion B 

Sodium chloride (table salt)............ 715° gm. 2% oz. 

Sulfuric acid (pure concentrated)....... HOM ECG Y% oz. 

Waterto maker testes sok nee ae a 1 liter SL eOzs 


Use equal parts of A and B. 


The solutions A and B keep well if kept separately, but not when 
mixed, and for this reason the bleaching-bath should be prepared as 
required. 

The bleaching should be complete in about three or four minutes 
when there is usually left a general brown stain all over the film due 
to manganese oxide, and especially in those parts previously occupied 
by the image. It is best to remove this stain by first rinsing in water | 
and then placing in a 1% solution of sodium bisulfite. Wash for 3 or 
4 minutes, and expose to a strong light (sunlight or arc light) until the 
white image turns purple. Then develop in a non-staining developer. 

Local yellow stains on prints or negatives may be removed by super- 
imposing a deep yellow filter over the negative and making a positive 
either by contact or in the camera and from this making a new negative. 
A panchromatic plate must of course be used and the yellow filter must 
he a contrast and not an orthochromatic filter. 

Yellow Stains.—These consist of compounds of silver left in the 
film after fixing and washing. The presence of unfixed compounds in 
the film may be due to (a) the use of an old and exhausted fixing 
bath, (b) insufficient agitation of the film when transferred to the 
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fixing bath, (c) fixing bath prevented from reaching film by another 
film, contact with side of tank, hanger, air bell, etc. 

Yellowish White Opalescence.—This is due to the presence of 
finely divided, or colloidal, sulfur and arises from the use of a fixing 
bath (a) containing an excess of acid, or a deficiency of sodium sul- 
fite, (b) too warm, or (c) the use of a plain potassium alum hardening 
bath after fixing. 

The deposit of finely divided sulfur may be removed with a 10% 
solution of sodium sulfite used at a temperature of 100 to 120 degrees F. 
(38° to 49° C.). The film must first be hardened in an alkaline for- 
malin hardener. 

Silver stain on the gelatin backing of film may be removed with 
iodine-cyanide reducer (p. 568) applied with a soft brush or wad of 
absorbent cotton on a stick. 

Silver stains on the emulsion side may be removed (a) by photo- 
graphing on panchromatic film through a strong yellow filter (not 
always successful) or by treatment with a 1% solution of potassium 
cyanide (a deadly poison). The cyanide will dissolve the image in 
time, so the film should be removed as soon as any reduction be- 
comes apparent and washed thoroughly before drying. 

Silver Stain (Dichroic Fog).—This consists of finely divided sil- 
ver and is reddish green by reflected light and pinkish by transmitted 
light, hence the name dichroic (two-colored) fog. 

It is due to presence of a silver solvent in the developer, such as hypo, 
ammonia or sodium sulfide, or developers having an excess of sulfite 
or alkali, particularly when partially exhausted or when used at high 
temperature. 

It may also be produced in an old fixing bath heavily loaded with 
silver and partly oxidized developer. 

Silver stains can sometimes be removed by reduction in a 4% solu- 
tion of potassium permanganate until removed, followed by a 5% solu- 
tion of potassium metabisulfite to remove the brown oxide of manganese 
stain. 

Sulfur Stains (Yellowish White).—Produced as a result of the 
precipitation of sulfur on the gelatin. Common sources are: 

1. A fixing bath which contains too much acid or too little sulfite. 

2. A fixing bath which is too warm. 

Sulfur stains may be removed by bathing the negative in a 10% solu- 
tion of sodium sulfite at a temperature of 100° F. (38° C.). The 
emulsion should be hardened first in an alkaline solution of formalin. 
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Aluminum Sulfite Stains (Powdery White).—These are due to 
the use of an incorrectly compounded fixing bath containing insuf- 
ficient, or impure, sulfite, an excess of acid, or one which is partially 
exhausted. 

A frequent source where none of these factors is present is lack of 
agitation in the fixing bath. 

Such stains may be removed by bathing the film in a 5% solution of 
sodium carbonate and washing thoroughly. The gelatin should first be 
hardened in a solution of alkaline formalin. 

Stains (Green).—A general green stain is sometimes produced 
when a hardening bath of chrome alum is used between developing and 
fixing, particularly if the concentration is too high or the temperature 
above 80° F. (27° C.). Ordinarily, the only effect is to increase the 
time of exposure in printing. Usually, the stain can be removed by 
immersing the negative for a few minutes in a 5% solution of potassium 
citrate or potassium hydroxide. This treatment should be preceded by 
an alkaline formalin hardening solution. 

Air Bells.—These are small circular transparent spots produced 
by air bubbles adhering to the emulsion surface and preventing de- 
velopment. 

Circular, transparent spots with diffuse edges are produced when the 
bubble grows smaller as development proceeds. 

Spots with a center of lesser density are produced when the air bell 
breaks or is dislodged. 

Spots with unfixed silver halide are due to air bells in fixing. 

Clear spots with a dark ring are due to developer oxidation fog 
around the air bubble. 

The presence of a trace of oil or grease is an infrequent cause of 
air bells. In this event, the negatives should first be immersed in a 
2% solution of sodium carbonate, followed by two or three minutes 
washing in running water before development. 

Spots.—Spots having dark narrow outlines are often caused by 
drops of water remaining on the film during drying. 

Hazy white spots appear occasionally on negatives which are dried 
rapidly at high temperatures particularly when the processing solutions 
have been warm. 

Spots surrounded by gray halos appear at intervals on negatives as 
a result of drops of water adhering to the base side of the film. When 
the negative is dried at room temperature, such spots are usually just 
barely visible, but become more prominent when drying rapidly at a 
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high temperature. Spots of this nature as well as others due to the 
presence of drops of water during drying may be prevented by the 
efficient removal of the water on the surfaces of the negative before 
drying. 

Irregular spots, almost clear, are sometimes due to traces of oil or 
grease on the emulsion or in the developer. 

Frilling.—The emulsion softens along the edges and shows a 
tendency to leave the support; is more likely to occur with double, or 
thickly coated materials. Caused by the solutions being too warm, a 
developing solution which is strongly alkaline, a fixing bath which is 
exhausted or does not harden properly, or processing solutions at dif- 
ferent temperatures. There is no remedy. 

Reversal._Image appears partly negative partly positive. 
Caused by exposure to an unsafe light in development, or a momentary 
exposure to white light, after development has begun. Sometimes 
caused by presence of hypo in developer. In this case, the unexposed 
areas are clear. Reversal by exposure to an unsafe light fogs the 
unexposed areas. 

Streaks on Negatives After Drying with Alcohol.—Impure or 
exhausted alcohol. Incomplete fixation; alcohol too strong. 

Scaly Effects—Noticeable chiefly in sky or other area of uni- 
form density. Insufficient agitation of developer. A particular type 
may be due to absorption of water through storage in damp place or 
exposure to damp air. 

Row of Spots Along One Side.—In tray development due to 
part of film being immersed in one direction and the remainder from 
another direction. When the two wet areas meet air bells are formed. 

Black Spots with Dense Tails.—Undissolved developing agents 
or alkali. 

Yellow or Reddish Patches on the Negative.—Incomplete fixa- 
tion. Printing from a damp negative on print-out-paper. 

Band of Lesser Density Along One Side.—Film not completely 
immersed in washing tank. Hypo-laden gelatin is reduced by exposure 
to air. 

Dark Line, or Band, Where a Shadow Area Joins a Heavy 
Density.—Due to the use of a partly exhausted developer and lack 
of agitation. The developer, not being kept in motion, diffuses from 
the area where it has had little work to do and produces a higher density 
along the junction line. Occurs most often in tank development when 
using dilute developers. Frequently known as the “Mackie” line. 


564 ee DEFECTS IN NEGATIVES 


Brown Scum.—This occurs in tank development when solutions 
are used over a period of time and consists of developer oxidation 
products which form a scum on the surface of the solution which is 
picked up by the film when placed in the developing tank. 

It may be prevented by skimming the surface of the solution before 
use with the edge of a piece of blotting paper or cheese cloth on a 
wooden or wire frame. 

Scum marks on developed negatives may be removed sometimes with 
a 1% solution of potassium cyanide. 

Fine Black Marks.—These are due either to abrasion or to static 
discharges arising from friction. 

Rough, Whitish Deposit on Negative.—This is due to chalk in 
the water used in preparing the developing and fixing solutions or in 
the wash water. It may be removed by placing the negative for several 
minutes in a dilute solution of 44% hydrochloric acid or in ordinary 
vinegar, then washing and swabbing the surface thoroughly with a vis- 
cose sponge or absorbent cotton. 

Traces of the Dye Backing Remain.—The dyes used in non- 
halation backings are usually discolored by the sulfite of the developer 
or the fixing bath. Should traces remain after fixing and washing, the 
negatives should be placed in a 5% solution of sodium sulfite, or in a 
fresh acid fixing bath, for about five minutes and then washed for five 
to ten minutes before drying. 

Reticulation—A wrinkling of the gelatin producing a leathery 
appearance caused by strains produced in the gelatin when it is trans- 
ferred from one solution to another at a much higher or lower tem- 
perature, or from a highly alkaline developer to a strong acid fixing 
bath. There is no remedy. 
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REDUCTION AND INTENSIFICATION OF 
THE NEGATIVE 


Photographic Reduction.—The operations by which silver is re- 
moved from the photographic image constitute what is properly termed 
photographic reduction. Photographic reduction, however, is not a 
process of chemical reduction but of oxidation, and photographic re- 
ducers are substances capable of converting metallic silver into a silver 
compound which is soluble in water, in an acid, or other suitable solvent. 

Photographic reducers may be classified as follows: 

a. Subtractive: Reducers of this type remove an equal amount of 
silver from all densities (Fig. 314), thus increasing the density range 
of the negative. Subtractive reducers are used principally to improve 
overexposed negatives and positives or for removing fog. 

b. Proportional; Reducers of this type remove from each density an 
amount of silver which is proportional to that of the original density 
(Fig. 314). Proportional reducers are useful chiefly as a means of 
reducing excessive density and contrast due to overdevelopment. 

c. Super-proportional: With reducers of this type a greater propor- 
tionate amount of silver is removed from the higher densities than from 
the lower (Fig. 314). Super-proportional reducers are used principally 
for the reduction of overdeveloped negatives of contrasty subjects. 

Ferricyanide-Hypo Reducer.—This well-known reducer is fre- 
quently termed Farmer’s reducer from its originator Howard Farmer.* 
The chemical reaction is as follows : 


(a) 4Ag + 4K3Fe(CN)¢ = AgiFe(CN)¢ + 3K4Fe(CN )e, 


(d) 3AgyFe(CN)¢ + 16Na2S.03 
= 4NasAg3(SeOs)4 + 3NasFe(CN)g. 


The silver image is oxidized by the ferricyanide, forming silver ferro- 
cyanide which is dissolved by the hypo. 

The action is in the main subtractive but depends upon the nature of 
the silver image and the concentration of the reducing solution, With 
a relatively strong solution (1 per cent potassium ferricyanide and 10 


1 Wearbook of Photography (1884) 59. 
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per cent hypo) subtractive reduction is obtained with both negative and 
fine-grain positive film but with a dilute solution contrast is decreased 
and the action is more nearly proportional, particularly with negative 
materials.” 
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Fic. 314, Diagrams Illustrating Types of Photographic Reduction. (Top) Sub- 
tractive, (Center) Proportional, (Below) Super-Proportional. 


A mixture of potassium ferricyanide and hypo den aaSs rapidly, 
hence the reducer is kept as two stock solutions: 


Stock Solution A 


Potassium ferricyanide (Red Prussiate). 37.5 gm. 1l{ oz. 

NIGH ei crete ett pA ee he Ae Ae NAT nel on 500.0 ce. 16 oz. 
Stock Solution B 

EL DOM Rien eer oa ee tetanus Ried Mer en e 480.0 gm. OMNOZ: 

Watertrattes ot seantngta: Berek cee oa 58 fates, 2.0 liters 64aOzZ 


If, after five minutes, further reduction is required, the negative 
should be transferred to a fresh solution to avoid stain. When the 


2 Crabtree and Muehler, J. Soc. Mot. Pict. Eng. 17 (1931) 100i. 
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negative has been reduced sufficiently, wash thoroughly. To prevent 
excessive reduction from the continuing action of the reducer contained 
within the gelatin layer, the negative upon removal from the reducing 
solution should be flushed with an abundance of cold water. 

Almost proportional reduction is obtained with ferricyanide and 
hypo by treating the negative in the ferricyanide solution first and subse- 
quently in the hypo solution. The degree of reduction depends upon 
the quantity of silver ferrocyanide formed in the first bath which in turn 
depends upon (1) the time of immersion and (2) the concentration 
of the solution.’ 

The following formula is satisfactory : 


Solution A 


Rotassiumpternicyanide asi ke nee a. 7.5 gm. YY oz. 

Wraterstoumaketa ye a.m ecgnis eet ono oe 1.0 liter SOs 
Solution B 

| BIA DORA C Bab eta TO ee Re Oe 200.0 gm. 634 oz. 

Wratertonmake@r erin tect vette sateen ace 1.0 liter SO mOZs 


Treat the negative in Solution A with uniform agitation for 1 to 4 
minutes at 65-70° F. (18-21° C.), depending upon the degree of re- 
duction desired. Then immerse in Solution B for 5 minutes and wash 
thoroughly. The process may be repeated if more reduction is de- 
sired. For the reduction of general fog, 1 part of Solution A should 
be diluted with 1 part of water. 

Ferricyanide and Ammonium Thiocyanate.—This single solu- 
tion reducer, which is due to Haddon,* is of the subtractive type, but, 
unlike ferricyanide-hypo, is stable. 

The chemical reactions are as follows: 


(a) 4Ag Se 4K3Fe(CN)¢ i AgsFe(CN)« + 3KyFe(CN)e, 
(b) AgsFe(CN)s + (X + 4)NH.CNS 
= XNHiCNS.4AgCNS + (NH,)4Fe(CN).. 


The following formula is satisfactory : 


Rotassilimeterbicyanicde amar ane eee 5 gm. 22 gr. 

Ammonium sulfocyanide-..:.2........-.- 10 gm. 44 or. 

\WESe OMEN Se Sareea eee cuced pose aos te 1000 ce. 10 oz. 
3 Loe. cit. 


4 Brit, J, Phot. 39 (1892) 49, 60. 
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After reduction, wash well in running water. If a white deposit 
appears on the gelatin surface, dip the negative in hypo for a moment 
and wash well in running water. 

Ferricyanide and Cyanide.—A mixture of ferricyanide and cy- 
anide forms a stable reducer of the subtractive type but with the dis- 
advantages of being highly poisonous and having a softening action 
on gelatin, thus rendering a preliminary hardening bath of formalin 
necessary.° 

The following formula is satisfactory : 


Potassiumetenn (yc Cale et tee eee 2.5 gm. 10.5 gr. 
Sodiumpeyanic Cerra a entree nnn: 2.5 gm. 10.5 gr. 
‘Waterctoimakes nie ohn ance 1000 cc. LOMOZ: 


Iodine-Cyanide.—A dilute solution of sodium or potassium cy- 
anide and iodine forms a reducer of an intermediate character, being 
mainly subtractive but tending towards proportional reduction. It has 
the disadvantages (1) of being highly toxic and (2) unstable so that 
it must be prepared immediately before use. 

The reaction is as follows: 


2Ag + I, + 4KCN = 2KAg(CN), + 2KI. 


Rotassimm»cyanicd Cann mts ete orn 5 gm. 22 ere 
fodinen(ciystall)\ <a che eee 1 gm. 4.5 gr. 
Waterstoumaketn: pee nee 1000 ce. 10) oz: 


Iodide-Hypo.—Equally as satisfactory and less poisonous is the 
following in which cyanide is replaced by hypo. 


Rotassiummodidesn sa ae tea ener 10 g. US ie 
| yg SLO RADA Se we Mae) ou tee) ees Ee oe ceckee 250 g. 4 oz. 
Water totmialcetneag ns on ee Acer eee we em 1000 cc. 16 oz. 


This is non-staining, keeps well, and acts slowly and gradually. 
Copper Reducer.—A reducer of the subtractive type which keeps 
well even after use may be prepared from cupric sulfate and hypo.® 


Gupricsullate, yc eee ee ee 30 gm. V4 oz. 
Soditumchloridess aayee se ee ee ee 30 gm. V4 oz. 
Weaterst onmaket ta cata Mews ones eee 780 cc. 12% oz. 


5 The use of potassium cyanide and mercuric chloride has been suggested but 
offers no real advantages. Eder’s Handbuch, 1883. 
6 Smith, Brit. J, Phot. 63 (1916) 574. 
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Dissolve and add ammonia until the precipitate first formed is re- 
dissolved. The solution is a deep blue. 
For use, add an equal quantity of 


Jes KOR RCO ato Male, apenas eee 360 gm. 21% oz. 
Water tovnakes ssc. sates gos 6 4 2 780 cc. 12% oz. 


If the action is too rapid, dilute with an equal quantity of water. 
Any bluish color remaining in the gelatin after reduction may be re- 
moved with a 0.02% solution of sulfuric acid. 

Permanganate Reducers.—The permanganates are strong oxi- 
dizing substances and if an acid solution of potassium permanganate 
is applied to a negative the silver is oxidized, forming silver sulfate 
which is soluble in water. 


10Ag + 2K MnO, + 8H2SO, = 5Ag2SO4 + 2MnSO, + 8H2O + KeSOu. 


The following is a suitable formula: 


Le otassilimepermanganatesn min | ern > OLom. 24 gr. 
Waterstonnakenrmuer eto sentir te 1000 ce. 1 oz. 

ee Sulitimieracids Giles aes ae sear S0lce: 24 min. 
Wraterttoumakemanmn:.) 4) acu eons 1000 cc. 1 oz. 


For use take 1 part of A, 2 parts of B, and 64 parts of water. When 
sufficiently reduced, immerse in plain hypo solution, fresh acid fixing 
bath, or 5% solution of sodium bisulfite to remove the brown stain, 
after which wash well. 

The formula as given acts as a subtractive reducer. Solutions con- 
taining less acid result in more nearly proportional reduction.’ 

Belitzski’s Reducer.—This reducer consists of ferric chloride 
and hypo. Silver chloride and ferrous chloride are formed and the 
former converted into soluble salts by the hypo. 

As a reducer, it is intermediate in character; the slope of the char- 
acteristic curve is lessened, but a greater proportion of silver is re- 
moved from the lower densities. It thus partakes of some of the char- 
acteristics of both subtractive and proportional reducers. 

The following formula of Crabtree and Muehler* is much to be 
preferred to earlier ones: 


7 Robin, Sct. et Ind. Phot. 2 (1931) 24. 
8 J, Soc. Mot. Pict. Eng. 17 (1931) 1001. 
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Benuc chloride seer tae een oe ee 25 gm. Sos) eae 
Rotassilimicitrates- er eee ee 75 gm. 21% oz. 
Sodiumysul ites eee eae 30 gm. 1 0z,; 
Gitricta cid tna re ane eg 20 gm. 290 gr. 
Soraliuven wavosmligie. 5 0560c0ec0eeuceouee 200 gm. 634 oz. 
IWaterstonnakerpreps craton ree ete aes 1 liter SDs OZ: 


Proportional Reducers.—Attention has been called to the fact 
that approximately proportional reduction results from the use of 
ferricyanide-hypo in two solutions (p. 567) or permanganate in a 
neutral or very slightly acid condition (p. 569). Quinone or quinone 
sulfonates with sulfuric acid form proportional reducers, but the gelatin 
is stained.® 

The use of mercuric nitrate with nitric acid has been stated to give 
proportional reduction, the gelatin is softened, however, and it is some- 
times difficult to prevent reticulation.’° 

Proportional reduction may also be obtained with solutions of ferric 
salts rendered slightly acid by the addition of sulfuric acid. 

The reaction is probably as follows: 


2Ag + Fe2(SO,)3. (NH,)2SOx 
=> AgeSO, + FeSO, + FeSQO,. (N Ha)2SO,. 


The gelatin is stained if exposed to air during reduction, or if the nega- 
tive has not been thoroughly fixed and washed. Prehardening in for- 
malin is necessary to prevent undue softening of the gelatin. 

The following is a suitable formula: *? 


Ferric ammonium sulfate (ferric alum)... 15 gm. Tan OZs 
Sulfuriesa cid eae eet re el Oe oe 10 cc. 114 fl. oz. 
Watento maken tyre ete aentecotuenueeate 1 liter ical: 


Proportional reduction may be obtained through the combination of 
subtractive and superproportional reducers. A suitable combination 
consists of potassium permanganate and ammonium persulfate.'® 

The following is a.satisfactory formula (Huse and Nietz) : 


® Lumiére and Seyewetz, Brit. J. Phot. 57 (1910) 625. 

10 Steigmann, Phot. Ind. 19 (1921) 697. 

11 Krauss, Z. wiss. Phot. 18 (1919) 192. 

12 Crabtree and Muehler, J. Soc. Mot. Pict. Eng. 17 (1931) 1001. 

13 Deck, Brit. J. Phot. 63 (1916) 391. Huse and Nietz, Brit. J. Phot. 63 (1916) 
580. 
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Solution A 
Potassium permanganate............ 0.25 gm. ohh fue 
Sulfimmceacicda (Oona sees ae 5 Ces Vy oz. 
Distilled wate; to make+..-.--...... 1000 ce. SOMOZ: 
Solution B 
Ammonium persulfate.............. Sy Se Kes 34 OZ. 
Distilled water to make............. 1000 sce. SOmEOZ, 


For use take one part of 4 to three of B. Do not mix until im- 
mediately before use as the keeping qualities of the combined solutions 
are very poor. The time of reduction is from one to three minutes and 
after reduction the negative should be placed in a 1% solution of potas- 
sium metabisulfite to remove the stain produced by the manganese salts 
precipitated in the gelatin. 

Super-Proportional Reducers.—The number of reducers which 
act super proportionally is small; the alkaline persulfates alone are of 
practical utility although benzoquinone, Erdmann’s salt (CO,(NH,), 
-(NO,),K,), and potassium permanganate with ammonium thiocyanate 
act in this manner under certain conditions." 

The persulfates are powerful oxidizers transforming the silver into 
silver sulfate which is soluble in the solution. The super-proportional 
action of the persulfates is due probably to the catalytic effect of the 
silver ions formed during the reaction between the silver and the per- 
sulfate. Since the concentration of these ions increases more rapidly 
in the higher densities than in the lower the effect is to cause greater 
reduction of the higher densities.”° ' 

As reducers the alkaline persulfates are somewhat erratic, sometimes 
refusing to act at all, and always acting more rapidly as reduction pro- 
ceeds. To eliminate sources of uncertainty the following precautions 
should be observed : 


1. Use pure ammonium or potassium persulfate. Some samples 
contain a trace of iron, the presence of which even to the extent of 1 
part in a million is sufficient to affect the performance of the salt as 
a photographic reducer.'® 

2. Use distilled water for preparing solutions of persulfate. The 
presence of soluble chlorides, bromides, sulfates, and nitrates in the 


14 Benzoquinone: Lumiére, Brit. J. Phot. 57 (1910) 625. Erdmann’s salt: Brit. 
J. Phot. 52 (1905) 437, 473. Potassium permanganate: Deck, Brit. J. Phot. 63 
(1916) 391. Huse and Nietz, bid. 63 (1916) 580. 

15 Higson, Phot. J. 61 (1921) 237. Schuler, Phot. Rund, 24 (1910) 113. 

16 Sheppard, Brit. J. Phot. 65 (1918) 314. 
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water used for preparing solutions of the persulfates is one of the most 
frequent causes of the erratic action of this salt as a reducer. 

3. Avoid the use of stock solutions of persulfate. 

4, Immediately before use add a small amount of sulfuric acid. ‘The 
quantity added controls the rate of reduction. Usually 1-2 cc. per 1000 
cc. (20 minims to each 32 oz.) is sufficient. 


Persulfatesy imate: « paniateceeene torn tee 60 gm. 262 gr. 
Sulfuric:actd saree eee ie caters SCG, 15 min. 
Wiatertounakenaeen oer craters crc ier 1000 ce. 10 oz. 


The action should be watched carefully as the rate increases with the 
degree of reduction and the negative may be reduced further than de- 
sired before the action can be stopped. Arrest the action by placing 
the negative in an acid fixing bath. Fix for about 5 minutes and wash. 

A second method of securing super-proportional reduction has been 
published by W. J. Hickman. The negative is first bleached in an 
ordinary bleaching bath composed of potassium ferricyanide and po- 
tassium bromide as used for sulfide toning of prints. It is then washed 
for 3 to 4 minutes (not longer) and thoroughly re-developed in an ordi- 
nary metol-hydrochinon developer. After a brief rinse in water it is 
ready for reduction.** 

For this purpose a weak solution of hypo (1 ounce to 20 ounces of 
water) is used. Reduction begins almost at once and should be fol- 
lowed carefully. When reduction has proceeded far enough the nega- 
tive is removed and washed thoroughly in running water. 

The theory of the process is that potassium ferricyanide is retained 
by the higher densities and when the negative is placed in hypo, dif- 
ferential reduction takes place from the formation of Farmer’s reducer 
in those portions of the image in which the ferricyanide has been 
retained. 

Super-Proportional Reduction through Bleaching and Redevel- 
opment.—This process, known as “harmonization,” 1% consists in 
bleaching the image in an acid solution of potassium bichromate, then 
redeveloping in any non-staining developer until the desired density 
and contrast are obtained and fixing. The bleaching solution is the 
equivalent of the well-known chromium intensifier and the result of the 


17 Brit. J. Phot. 80 (Feb. 3, 1933) 59. 
18 Eder, Phot. Korr. 18 (1881) 111. 
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(1940) 432. 
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process is to intensify the lower densities and reduce the higher since 
these are only partially developed, the undeveloped silver chloride being 
removed in the fixing bath. 


Potassium bichromate.......-....... 8.0 gm. i oz 
inivdrochloncactda(G. Bares a. 6.0 cc. 34 fl. oz. 
Potassiunmbromide mena. see eee es 5.0 gm. 290 gr. 
Wiaterttouma ke waeween s ieceuaeioeke «sca 1.0 liter teigale 


After bleaching, the negative is washed thoroughly to remove every 
trace of bichromate, then placed in the following redeveloper: 


Bloutmmreet ere ror inte Ate 2.0 gm. TS rote 
Sodium sulfite (desiccated)...... 10.0 gm. 1 oz. 145 gr. 
Sodium carbonate (desiccated) . . 10.0 gm. 1 oz. 145 er. 
Water tomnakena esse cs ee 1000 cc. 1 gal. 


The image redevelops slowly and should be watched carefully. When 
the proper density and contrast have been obtained, rinse and fix in 
an acid fixing bath and wash. 

Intensification——Processes of increasing the density and con- 
trast of the developed silver image are known as intensification. The 
increase in density is accomplished in one of three ways: 


1. Through the deposition of additional silver on the image. (Silver 
intensifiers. ) 

2. The addition of a metallic compound to the image. (Mercury, 
chromium, etc.) 

3. Through the formation of a colored compound of silver, of another 
metal, or less frequently of dyes. 

Intensification with Silver—Intensification with silver is ac- 
complished through the use of an acid solution of silver nitrate con- 
taining a reducing agent such as metol which results in the silver being 
precipitated preferentially on the silver deposits of the image. The 
amount of silver deposited is substantially in proportion to that of the 
image; hence the increase in density is proportional to the original 
density and the result is much the same as if the negative had been 
developed to a higher gamma. As the intensified image consists of 
silver, it should be as permanent as the original. Unlike many other 
methods intensification is complete in one solution; therefore, it is 
easily followed and controlled. 


Reduction by Re-Halogenisation. Brit. J. Phot. 81 (1934) 498. 
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Many different formulas for intensifying with silver are to be found 
in the literature, but many are unstable and cannot be relied upon in 
practice. The following formula due to Crabtree and Muehler is an 
improvement over earlier formulas: 


Solution 1 


Silver nitrate, crystalsnpe neces a: 60.0 gm. OZ 

Distilled water to make............. . 1.0 liter GU OZA 
Solution 2 

Sodium sulfite, desiccated. .......... 60.0 gm. BY VOyz, 

Water tomnakeypuesersce ais (es oe 1.0 liter SIOZ 
Solution 3 

Sodium thiosulfate (hypo)........... 105.0 gm. 31% oz. 

Waterntonmakcse ses ieee eer re 1.0 liter SO Ze 
Solution 4 

Sodium sulfite, desiccated........... 15.0 gm. V4 oz. 

| EB) Co} evan ea aoe een Seem ne mem ane ters 24.0 gm. SO Sire 

Witter ton alc @umw ceive kre pe eae 3.0 liters 96 oz. 


Prepare the intensifier solution for use as follows: Slowly add 1 
part of solution No. 2 to 1 part of solution No. 1, shaking or stirring 
to obtain thorough mixing. The white precipitate which appears is 
then dissolved by the addition of 1 part of solution No. 3. Allow the 
resulting solution to stand a few minutes until clear. Then add, with 
stirring, 3 parts of solution No. 4. The intensifier is then ready for 
use and the film should be treated immediately. The degree of inten- 
sification obtained depends upon the time of treatment which should 
not exceed 25 minutes. After intensification, immerse the film for 2 
minutes with agitation in a plain 30 per cent hypo solution. Then 
wash thoroughly. 

The mixed intensifier solution is stable for approximately 30 minutes 
at /0? Ko (212, ). 

Intensification with Chromium.—Intensification with chromium 
is effected by bleaching the image in a solution of potassium bichro- 
mate and hydrochloric acid or one of chromic acid and sodium chloride 
(or bromide) and then redeveloping in an ordinary developer. 

The precise chemical reactions taking place are not definitely known 
but are probably as follows: 


2Ag + KeCr,0, + 2HC! = 2AgCl + a reduction product of the 
bichromate, sometimes assumed to be CrO, or CreCly.!9 


19 Lumiére and Seyewetz, Brit. J. Phot. 66 (1919) 709. Piper and Carnegie, 
Amat. Phot. 40 (1904) 336, 397, and Ibid. 41 (1905) 453, and Brit. J. Phot, 53 
(1906) 367. Crowther, Brit, J. Phot. 66 (1919) 709. 
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When the bleached image is developed the silver chloride is reduced 
to metallic silver and the chromium compound remains, thus increasing 
the density. 

The chromium intensifier has a number of advantages: 


1. It is reliable. 
2. The color of the image is changed but little. 
3. The image has a high degree of permanency. 
. If the increase in density obtained with a single treatment is not 
sufficient, the operation may be repeated. The addition of density 
becomes less and less with each treatment, however, and generally little 
is gained from more than two treatments. The color of the image 
becomes more and more brownish with successive treatments. 

A satisfactory formula for the bleaching solution is: 


AS 


Potassium) bichromate:--==-=..... «2: -:. 90.0 gm. S1OZ. 
Hydrochlonermacidy CR... a4 seo eo. 64.0 cc. DAS OzZz 
VV euewol nal <5. ee ee Sea oie eiee ae Renee 1.0 liter S250Ze 


For use, take 1 part of stock solution to 10 parts of water. 

The addition of 5 grams of potassium bromide to each liter (34 oz. 
per gallon) results in more rapid bleaching and greater intensification. 

Decreasing the acid content of the bleacher results in a high degree 
of intensification but the time required for bleaching is increased. 
Practically little is gained from reducing the amount of acid in the 
above formula. 

Incomplete bleaching results in relatively greater intensification of 
the lower densities than the higher. 

After bleaching wash the negative in running water until every trace 
of the potassium bichromate has been eliminated. Then redevelop in a 
non-staining developer such as amidol, paraminophenol, metol, or 
metol-hydroquinone. Developers containing a high concentration of 
sodium sulfite should be avoided because of their solvent action on 
silver halide which may result in reduction of the lower densities. De- 
velopers containing a high concentration of sulfite also tend to produce 
brownish-colored images. 

Negatives intensified in chromium may be reduced in dilute solutions 
of hydrochloric (5%) or sulfuric (2%) acid which remove the addition 
product responsible for the increased density. Only film which has been 
hardened in formalin should be so treated or the gelatin may reticulate. 


BoucHEer—Study of the Contrast Variation Obtained with the Chromium 
Intensifier. Amer. Annual of Photography 49 (1935) 59. 
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Intensification with Mercury.—In intensifying with mercury, 
the image is first bleached in mercuric chloride or bromide. The reac- 
tion which takes place is probably 


Ag + HgCk = AgCl.HgCl. 


In the redevelopment process which follows this silver mercurous 
chloride is reduced, producing a compound of silver and mercury or 
silver and a compound of silver and mercury, depending upon the 
nature of the redeveloper. 

Bleach the negative completely in: 


ROFASSIUMEDROMIG Creer nena ere nn an 22.5 gm. 34 OZ. 
IMercuricrchlonid cerns tae ene 22.5 gm. 34 OZ. 
Wiatenstoumakes cc. cnabeners egret tas 1.0 liter SH Of 


Wash for 5-10 minutes in running water. Redevelop in one of the 
following : 


1. A non-staining developer, such as amidol, paraminophenol or 
metol-hydroquinone. Amidol is prefererable since no alkali is required. 
Alkaline developers containing sulfite exert a solvent action which re- 
sults in a lower degree of intensification of the lesser densities; these 
in fact, under certain conditions, may actually be reduced. Fine-grain 
developers, containing a large concentration of sodium sulfite, are not 
suitable. Ferrous sulfate is superior to any of the developers men- 
tioned for this purpose but is now seldom used.?° 

2. Ammonia. This is frequently recommended but is not desirable 
because of its solvent action which may result in the lower densities 
being weakened rather than intensified. 

3. A 10 per cent solution of sodium sulfite. This results in slight 
intensification but is not to be recommended (1) because of its solvent 
action on the image, (2) because the gain in density is slight and cannot 
be increased by repeating the process. 

4. A 2 per cent solution of sodium sulfide. This is a satisfactory 
method of redeveloping if the gelatin has been hardened in alkaline 
formalin before bleaching. However, the color of the image is brown- 
ish and the density is not increased by repeating the process. 

5. A 10 per cent solution of sodium sulfantimoniate (Schlippe’s 
salt). This results in approximately proportional intensification and 


20 Chapman Jones, Phot. J. 50 (1910) 238. 
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is one of the most satisfactory means of redeveloping. It is, however, 
little used at the present time. 

6. Silver-cyanide. This forms what is known as Monckhoven’s in- 
tensifier. It results in a high degree of intensification but the very 
low densities are reduced. This renders it well suited to the intensi- 
fication of black and white line work, for which purpose it is principally 
used. The silver cyanide solution is: 


Sodium or potassium cyanide............. 15 som. 2 02. 
Silvei Nittate yeeros ceri mi eee enn 2 nem: 3 oz. 
Wratemtomnalkenetra tert. ce ieee ae 1 liter 1 gal. 


Note: The cyanides are deadly poisons and should be handled with extreme 
Care. 


Dissolve the cyanide and the silver nitrate separately and add the 
first to the second until a permanent precipitate is just produced. Al- 
low the mixture to stand an hour or so and then filter. 

Only the images which are redeveloped in ferrous oxalate or in so- 
dium sulfide may be regarded as permanent. 

Single Solution Mercury Intensifiers.— 


Merctiric thiocyanatesa- em acer. aa 100 gm. 765 gr. 
Ammonium sulfocyanide............... 60 gm. 460 er. 
Botassimurhniocyanate amar nae she 80 gm. 615 gr. 
Wal bciatOnmiakenaareserr ea ey te ode 19 1000 cc. 16 oz. 


For use dilute 1 part with 10 of water. 
Another formula: *? 


Mercurie thioeyanatesi..ac0 026. ewe ae 200 gm. 1540 er. 
Sodiumechlonided(sallb) mew nent ene 200 gm. 1540 gr. 
NWWiditerntoumakerancknaces race geben asters 6 «16 1000 cc. 16 oz. 


This also should be diluted with ten volumes of water for use. 

After the negative has reached the desired density, it should be 
washed for 20-30 minutes in running water. 

Mercuric-Iodide Intensifier—This very convenient intensificr is 
prepared as follows: * 


Mercuriciodide ss. < 35s sstaisas are sla cual os 2 gm. 90 gr. 
Potassium Odi em mete aeeterrar tee yas te rate 2 gm. 90 gr. 
TVD OPS cRa eras nee Mile dion ciate Mtoe 2 gm. 90 gr. 
Water onnakerpus <4 acer neein area ss sarc nons 100 cc. 10 oz. 


21 Agfa, D.R.P. 109,860; 110,357 of 1899. 
22 W. B. Shaw, Brit. J. Phot. 80 (1933) 348. 
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The ingredients are dissolved together in a little water and the solu- 
tion made up to the total given. Warm, but not hot, water may be 
used. The solution may be used repeatedly until exhausted. Inten- 
sification is progressive and may be stopped at will, when the density 
and contrast required have been reached. If only a small degree of 
intensification is required, the solution may be diluted with an equal 
quantity of water to make it work more slowly. 

While the intensifier contains hypo, it is desirable that negatives be 
washed for 5-10 minutes before intensification. After intensification, 
wash in running water for 15-20 minutes. Negatives so intensified 
are not permanent. To render them completely stable, immerse in 
a 1% solution of sodium sulfide until the image has been wholly changed 
—as viewed from the back—from gray to brown-black. The inten- 
sifying solution must be kept in the dark or in an amber glass or 
earthenware bottle. 

Miscellaneous Methods of Intensification.—A simple method of 
obtaining a medium degree of intensification consists in converting the 
silver image into one of silver sulfide by bleaching and redeveloping in 
sodium sulfide as in toning prints. Only one degree of intensification 
is possible, as no increase in density is obtained by repeating the process. 

The negative should be hardened in alkaline formalin before bleach- 
ing or the gelatin may be unduly softened in the alkaline sulfide bath. 

Other toning processes such as those employing the ferrocyanides of 
uranium and copper may be used for the intensification of negatives. 
An extremely high degree of intensification is possible with uranium 
and the process is one of the best for faint images. The intensified 
image, however, is not permanent, as the silver ferrocyanide is readily 
decomposed into sodium sulfide. Since intensification with such proc- 
esses is based upon the toning of the image, considerable experience is 
required to estimate the degree of intensification as the visual appearance 
of the image is not a direct measure of its printing density and contrast. 

Formulas for intensifying with uranium and copper will be found 
in Chapter XIV. 

Intensification may be effected also by mordanting basic dyes to the 
image, using any of the well known mordants (p. 658). A dye, or 
combination of dyes, which is free from color is desirable as the degree 
of intensification is more readily estimated from the appearance of the 
image.** 


23 Ives, Brit. J. Phot. 68 (1921) 186. Lumiére and Seyewetz, Brit. J. Phot. 73 
(1926) 147. 
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Sensitometry of Photographic Intensification—A number of 
studies have been made (1) of the degree of intensification produced 
by the different methods and (2) the relation of the added density to 
the original density, but the most complete are those of Nietz and 
Huse2* 

First, however, it is necessary to notice the effect of the color of the 
image upon the degree of intensification. Since positive materials in 
general are sensitive only to blue light, any change in the color of the 
image which increases its absorption of blue light is equivalent, from 
a photographic standpoint, to an increase in density, and thus the ef- 
fective photographic density may be quite different from the visual 
density. The ratio of the visually measured density and the effective 
photographic density is termed the color-coefficient. The greater the 
difference in the density as measured visually and the effective photo- 
graphic density, the higher the color-coefficient. 

The color coefficients for a number of processes are shown in the 
following table : ** 


Chromium (1 treatment) (D-72 redeveloper, 1 : 2). M.P. Pan. Neg. 1.05 
Chromium (2 treatments) (D-72 redeveloper, 1: 2) M.P. Pan. Neg. 1.19 
Mercury (D-16 redeveloper)................... M.P. Pan. Neg. 1.01 
SIL Veiner athe pet eee eta parr ea Wa Bg 2 es S M.P. Pan. Neg. 1.00 
Chromium (1 treatment) (D-72 redeveloper)...... M.P. Positive 1.04 
Niexcuisya (Nienckhovens)qeeeriei an oe a M.P. Positive 1.08 
Mercury (D-16 redeveloper)................... M.P. Positive 0.93 
SHUNASIES ceaseless GREE Saat oC Ae AE aE PRES M.P. Positive 1.00 


In Fig. 315 the percentage increase in density is plotted as the 
ordinate against the original densities as abscissae. A line parallel 
with the base would thus indicate proportional intensification. No in- 
tensifier reaches absolute perfection in this respect, although several 
approach it closely. The distances of the lines above the base indicate 
approximately the degree of intensification produced with the corre- 
sponding methods of intensification. 

Local Intensification and Reduction.—Local reduction or in- 
tensification is of great assistance at times in bringing out certain de- 
tails in the shadows or in reducing the density of an over-dense high- 

24 Abney, Phot. J. 44 (1897) 457. Janko, B. J. Almanac, 1898, 899. Bennett, 
Phot. J. 53 (1913) 214. Clerc, Brit. J. Phot. 59 (1912) 215. Nietz and Huse, 


Phot. J. 58 (1918) 81; Brit. J. Phot. 65 (1918) 179, 191. 
25 Crabtree and Muehler, J. Soc. Mot. Pict. Eng. 18 (1931) 1001. 


Rupprecut—Intensification of Negatives without Increasing Graininess. 
Photofreund 18 (1938) 59. (Dye method.) 
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Fic. 315. Illustrating Degree and Character, of Intensification Produced by 
Various Methods. 1. Mercuric Chloride and Ammonia. VI. Chromium and 
Diaminophenol. VII. Mercuric Bromide and Diaminophenol. X. Mercuric 
Iodide and Paraminophenol. XII. Uranium. XVI. Mercuric Iodide and 
Schlippe’s Salts. XVIII. Cupric Chloride and Sodium Stannite. . 


light. Conditions often arise in which local treatment of the negative 
or “dodging” of some sort in printing is unavoidable. There is often 
considerable reluctance towards the local manipulation of a negative 
which may be difficult to replace, and in many cases it is quite true that 
it is better to reach the desired result through dodges in printing than 
by work on the negative itself. Still, a little local reduction or intensi- 
fication, carefully done, is the means of saving a great deal of time 
and waste of materials in printing. 

If the negative to be reduced or intensified has been allowed to dry, it 
should be first soaked for fifteen to twenty minutes in water, while if 
the negative has been handled it may be well to add to the water a small 
amount of sodium carbonate to remove any grease present on the film. 

The principal difficulty in local reduction or intensification with the 
usual methods is to confine the action of the reducer or intensifier to 
the area in question. With very small areas it is best to work on the 
dry film, but if the area is of any size this is likely to lead to streaks. 
On the wet film, difficulty is experienced in the diffusion of the solu- 
tion over into adjoining areas where it is not wanted. On the whole, 
the best practice seems to lie in the use of a moist film, i.e., one from 
which the surface moisture has been removed by swabbing with absorb- 
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ent cotton and the negative left to drain in the drying rack for several 
munutes. 

For local intensification, the mercuric iodide method seems as satis- 
factory as anything else, since the growth of density can be watched 
and stopped when it has reached the proper point. For local reduction, 
Farmer’s ferricyanide-hypo is satisfactory, the principal disadvantage 
being the likelihood of stains. Better in this respect is a reducer of 
potassium cyanide and potassium ferricyanide.?* 

To prepare this, equal parts of 2% stock solutions of potassium 
cyanide and potassium ferricyanide are mixed and diluted as required 
to a strength which enables its action to be controlled. 

For small areas, a water-color brush is the most useful tool for ap- 
plying the reducer or intensifier. For somewhat larger areas a tuft 
of absorbent cotton saturated with the solution is less likely to result 
in uneven action. Unless rather strong solutions are in use, and gen- 
erally that is not advisable, at least until the worker is experienced, the 
action can be stopped by holding the negative in a flowing stream under 
the tap. 

Another method of local reduction consists in rubbing down the area, 
using an abrasive paste such as Eastman Reducing Paste or abrasive 
pencils such as the Eastman Reducing Pencil. 

A most useful method of local intensification lies in the application 
of dyes to the area to be lightened. A yellow-orange dye suitable for 
this purpose is supplied by dealers as Coccine. The yellow, orange, 
and red of the more transparent water colors supplied for coloring 
lantern slides are also suitable. The well diluted colors are best ap- 
plied to a moist film with a small brush. As soon as the area has been 
completely covered, remove the surplus color by blotting with clean 
blotting paper or absorbent cotton. If the degree of coloration does 
not appear to be sufficient, repeat the application. Successive applica- 
tion of diluted solutions, the surface color being blotted off each time, 
is much less likely to result in uneven application than the use of a 
strong color at the out-set. Some little experience is needed to esti- 
mate the printing effect of the color, but once this is gained, local ma- 
nipulation with dyes is a very useful and convenient addition to meth- 
ods of local control. 

The ordinary lithographic pencil, applied to the back of the negative, 
is often very helpful in holding back small areas which print too dark. 
The mark is easily removed. 


26 Lighton, Brit. J. Phot. 73 (1926) 643. 


Jamigson—Reducing Solution for Local Use (Etchadine). B.P. 461,891. 


CHAPTER XT 
AFTER WORK ON THE NEGATIVE 


Blocking Out.—The first essential for good work is a good desk. 
One which is too small is exceedingly trying to the temper and dis- 
astrous to good work. There should be a flat smooth surface suff- 
ciently large to allow plenty of elbow room, It is best made of heavy 
glass and either flat or inclined at a very slight angle. The light be- 
neath should be of good intensity and well diffused. Not all the light 
from the outside should be stopped out; it is important to be able to 
see the surface of the negative as well as to see through it. 

A few good sable brushes of various sizes, a jar or tube of opaque, 
a drawing pen, a straight edge, preferably of metal, and a celluloid 
draftsman’s curve complete the necessary accessories. 

The negative should be clean and free of finger marks. If present, 
they should be removed with a tuft of cotton wet with benzine or 
carbon tetrachloride. 

Where the subject contains a number of straight lines it is well to 
rule these with a draftsman’s ruling pen, starting with the horizontal 
lines and ruling all of these first, then, the vertical lines. Many of the 
curves may be ruled in by using the draftsman’s curve; those which 
cannot, must be filled in freehand with a small brush. In using the 
brush, it is essential, if clean work is to be expected, that the hand 
should not be cramped. A free, rather flowing motion of the hand 
from left to right and away from the body, using the fingers under- 
neath the brush as a sliding pivot, leads to smooth, clean work. 

When the outline has been completely filled in, the next step is to 
widen the narrow line which now surrounds the subject. This is done 
with a somewhat larger brush; then any large areas are filled in with a 
still larger brush. 

When dry, the negative should be given a thorough inspection. 
Small imperfections can be removed by using a slightly moistened 
brush, which must be cleaned after each stroke, but if much of such 
alteration is to be done, something is wrong with the blocking-out 
technique and the worker needs more practice. 


582 


TITLES ON NEGATIVES oe 583 


Black Backgrounds.—At times, it is desirable to introduce a 
black background. There are several methods: The negative may be 
coated with collodion diluted with an equal part of alcohol and ether. 
Then the part of the negative to be removed is bleached with a solution 
of iodine, this part of the operation being analogous to blocking out 
with opaque. As soon as the area covered is seen to be clear and 
opalescent on the back, the plate is thoroughly washed under the tap 
and the negative immersed in hypo which removes the image. Fi- 
nally, the plate is gone over with a piece of absorbent cotton, saturated 
with alcohol and ether to remove the collodion, washed and dried. 

David Charles, writing in the British Journal of Photography, rec- 
ommends bleaching out the background in a solution of potassium 
bichromate and hydrochloric acid as used for chromium intensification. 
The bleaching solution (rather stronger than for intensifying in the 
ordinary way) is applied with a brush, and when bleaching is complete, 
the negative (still held flat) is slipped into a 1 per cent solution of 
sodium carbonate which stops the action of the bleacher immediately. 
The negative is then washed three or four minutes and examined for 
rough edges where the background has not been completely removed. 
These edges are then touched up with the bleacher until the outline is 
clear and the negative placed again in the carbonate solution. Upon 
removal from the solution, it is washed one or two minutes, and placed 
in a plain hypo solution to remove any traces of the image which 
remain. Finally, it is washed and dried as usual. If any slight errors 
have been made in bleaching away portions of the image which are to 
remain, these can be restored before the negative is fixed by applying 
developer followed by fixing-out when they have attained the proper 
density.* 

A second method of introducing a black background is to go over 
the image to be preserved with a water-proof varnish. When this is 
dry, immerse the entire negative in any clear working reducer until 
the background is reduced out. If the negative is thoroughly dry when 
immersed in the reducer, and the reducing solution is one which acts 
quickly, there will be no spreading of any consequence under the coated 
image. 

Titles on Negatives.—The title or number may be lettered di- 
rectly on the back side of a film negative, but unless one is able to letter 
well this should not be attempted, as poor lettering is a draw-back to 
any print. Glass negatives must, of course, be lettered in reverse on 


1 Charles, Brit. J. Phot. 79 (1933) 779. 
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the film side. So few are sufficiently experienced in this—even expert 
draftsmen—that it is seldom practical. 

Titles can be printed on negatives with rubber type, using an opaque 
ink. Sets of reversed type (photoscript) for printing on the emulsion 
side of the negative are obtainable commercially. Reversed type is 
not really necessary with film negatives, as the title may be printed on 
the back side. 

Opaque paper letters of a suitable size, ready gummed (Dennison), 
may be used to number or letter negatives. 

There are a number of ways of printing in the name of the studio 
without much additional trouble. One of the best of these is to letter, 
or have a printer set up, the desired lettering in type of suitable size 
and print on a thin transparent celluloid. Have the printer dust over 
the impression on the celluloid with lampblack before the ink dries. 
While having the work done, it is well to have several made up, as it 
is cheaper to have a number made at one time and those not needed 
immediately can be kept until required. The sheet of celluloid is 
placed between the negative and the paper when exposing the print so 
that the lettering appears in the position desired. The sharpness of 
the print will not be visibly affected as the celluloid is very thin. 

Neat, clear-cut titles may be made by placing a sheet of Kodapak 
or cellophane a trifle larger than the negative between two sheets of 
black carbon paper with the waxed sides facing the cellophane and 
typing the desired inscription through a sheet of thin paper. The car- 
bon paper being placed on both sides of the cellophane produces a copy 
with sufficient density to print white. 

To make black letter titles on a white background, make a negative 
of the copy on process film and double print; print the negative first 
and then the title. To save film, only the title itself need be photo- 
graphed, the smaller film being masked so as to protect the rest of the 
print when printing. 

Retouching of Portrait Negatives.—The retouching of portrait 
negatives is frequently necessary for the removal of skin blemishes, 
and other imperfections, to improve the modeling and obtain a more 
pleasing effect. The amount of retouching required may be kept at 
a minimum by using color sensitive photographic materials, by lighting 
softly so as to avoid deep and sharply defined shadows, by using a 
soft-focus lens, diffusion disks, or other devices for softening the 
definition of the image, and by printing on a matte or rough paper. 
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The following materials are required: 


Retouching desk 

Retouching pencils (H, 2H, 3H and 3B) 
Bottle of retouching medium 

Etching knife 

Absorbent cotton 


Retouching desks may be purchased (Fig. 316) or built. A piece 
of opal glass should be fitted flush into a desk supported at an angle 


Fic. 316. Retouching Desk. 


of about 40° and a 40 to 60 watt electric lamp placed below to il- 
luminate the negative. If this arrangement is not convenient, the 
light reflected from a white cardboard may be used. 

Retouching pencils are supplied in various grades, or degrees of 
hardness, designated by the letters H, 2H, 3H and B, meaning black. 
For the beginner three grades, H, 2H and HB, are recommended. 
For retouching, the point of the pencil must be needle-sharp. This 
necessary condition is secured by sharpening the point on a sheet of 
fine emery paper. 

Retouching medium may be purchased or made according to the 
following formula: ? 


2 Whiting, Retouching. 
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Palé-cumi resin. .qasd eee eee 22S eens 200 gr. 
Gumidamnane eee heer eee eee 10 gm. 90 gr. 
Guin) nrdsties. chen ete ae oe 2.25 gm. 20 gr. 
Oiltof jumiper-eete eee eto a0. “ECCS 1 dram 
Oil ofiturppentine: cesar 100-200 cc. 2-4 oz. 


The gums are first powdered and then added to the oils; finally 
sufficient powdered asphaltum is added to give the mixture a dark 
amber color. 

A drop or two of the retouching medium is placed on the part of the 
negative to be retouched and spread in a thin layer with a soft cloth 
or absorbent cotton, using a circular motion. Ridges or streaks, es- 
pecially along the edges, are to be avoided. 

The etching knife is used to reduce the density of small areas on the 
negative by scraping away some of the silver deposit. Success with 
the etching knife depends in a large measure upon its sharpness; it 
must be kept as sharp as a first quality razor or it’ will not be possible 
to shave away the silver deposit without producing scratches. Any 
etching required on a negative must be done before applying the 
retouching medium. 

Retouching the Face.—It is essential before proceeding that the 
beginner have a clear idea of what he is attempting to do. 

Retouching is a corrective process and it is not necessary to apply 
lead to the whole of the face but only where skin blemishes or other 
imperfections have resulted in a lower density than the surrounding 
portions. Beginning with the highlights, take one such spot and work 
on it until it disappears. Various strokes are used by retouchers in 
removing spots and suggesting skin texture. In the beginning, how- 
ever, one should not pay so much attention to the stroke as to filling 
the spot with fine lines so that at a distance of ten or twelve inches 
it matches the density of the surrounding portions and is no longer 
perceptible. Do not attempt to fill up the spot solidly, or at once, but 
use a relatively hard pencil, such as 3H, and work slowly and patiently, 
filling each spot with a network of fine crosslines. 

Begin in the highlights and work towards the shadows, using a more 
delicate touch in the shadows or thin portions of the negative than in 
the higher densities. 

Modelling—When the spots due to freckles and other skin 
blemishes have been removed, the beginner would do well to make a 
print to see the effect of his work. If it is unsatisfactory, he can re- 
move the results of his labors by rubbing with a soft cloth containing 
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retouching medium. It is probable that an examination of the negative 
will show certain areas to be blotchy, and gradations of tone which 
are abrupt or ragged. Perhaps there are some shadows which need to 
be lightened or highlights which must be blended with the surounding 
areas. This may be undertaken next, using a fine, light stroke and a 
relatively hard lead. A knowledge of anatomy is a great asset at this 
stage. One must be careful to retain the character of the subject and 
avoid work which will show in the print. Retouching which attracts 
attention is often worse than none at all. 

Retouching Individual Features——Because of the method of 
lighting the subject, wrinkles and other character lines sometimes ap- 
pear unduly prominent, and need to be subdued. They should not be 
removed entirely, especially in the case of men or old people. It is 
often well to idealize women’s portraits, however, but not to the extent 
of destroying individuality. 

Care must be taken to preserve the real character lines and merely 
soften unpleasant features. For instance, the transverse furrows in the 
forehead may be exaggerated, especially in the case of older’ people. 
These can be toned down but the two highlights on the upper part of 
the forehead and the two above the eyes should be preserved. 

When retouching the nose, begin on a line with a corner of the eye 
and work down the length of the bridge, blending softly down the side. 
If the shadow at the side of the nose is filled in too heavy, the nose will 
appear to blend into the cheek. 

Work on the cheek should begin on the highest light, and extend back 
to the side and down about half way to the shadow between the neck 
and the chin. If carried on down, the chin may be made to appear 
too large. Sunken cheeks may have the shadows filled in somewhat. 

But little work is needed on the chin and this should emphasize the 
highest light. Never work from the chin clear to the lips, or the 
shadow between the lips and chin may be lost. 

Breaks or imperfections on the lips should be carefully filled, using 
light straight strokes. 

Any lines at the corners of the mouth having a downward tendency 
may be softened somewhat. 

The eye is the seat of expression and any attempt to modify it must 
be very carefully done. The catch light should ordinarily be on the 
iris about half way between the top and center of the eye. If it is 
too large or if it extends out over the pupil, a part may be removed with 
the etching knife as explained. It is sometimes well to strengthen the 
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iris somewhat but this will make it print lighter in color. The “crow’s- 
feet” and other lines at the corners of the eyes may be softened by partly 
filling up the shadows. t 

If enough lead will not adhere to properly build up certain parts, then 
the negative, if on portrait film, may be turned over and additional 
work done on the back.* 

Varnishing.—Two formulas for negative varnish follow: 


Loe207eshellacisolutionnranaerceeeee te 160 cc. 2 oz. 
Ammonia (0:8 30) pean nanan ae 30 ce. 3 dr. 
Methylated spirit (methyl alcohol)..... 320 cc. 4 oz. 

LY Japaneseieolditsizeer se ertcrn ner ao teri eamenener eens 1 part 
BenZole.o5g apes eee nee ee ee Oe Five 2 parts 


The second is a rather slow drying varnish which, however, takes 
the pencil well.* 

It is well to heat the negative slightly before varnishing to eliminate 
any moisture which may have been absorbed by the gelatin film. If 
either of the above or other cold varnish is used, the negative should 
be allowed to cool before varnishing. Film negatives are best treated — 
by drawing them through the solution and then hanging up by one 
corner to dry. In varnishing glass plates the plate should be held by 
one corner in a horizontal position and the varnish poured on the 
center so as to forma pool. Allow this to spread and incline the plate 
slightly to each corner in succession, allowing any surplus to drain from 
the last corner into the bottle. If this is done carefully the varnish will 
not go beyond the edge of the plate. It is well to practice this technique 
on several waste negatives until it can be done without getting any of 
the varnish on the back. Allow plenty of time for the negative to dry. 
Varnishes differ in the amount of time required in drying; heat should 
not be used, however, to hasten drying. 


3 Retouching and Improving Negatives, Photo-Miniature No. 171, Tennant and 
Ward (out-of-print but available second-hand). Retouching Not Difficult, ed- 
ited by F. R. Fraprie, American Photographic Publishing Co., 353 Newbury St., 
Boston, Mass. Retouehing and the Finishing of Photographs, by J. Spencer 
Adamson, Frank V. Chambers Publishing Co., 636 South Franklin Square, 
Philadelphia, Pa. The Art of Retouching Negatives and Finishing and Color- 
ing Photographs, by Robert Johnson, American Photographic Publishing Co., 
353 Newbury St., Boston, Mass. 

4B. J, Almanac (1936) 353, 354. 
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Stripping Negatives——To remove the emulsion from a glass 
negative for transfer to a new support, prepare the following solution: 


Woodall coholaewar rien rey a ce Cae Sl ae 25 parts 
NAY ites ctrctiere se are ona Nl ae ge ae 2 Ne 1 part 
GIY Cenine wee tae te ene einer eee 2 eee 1 part 


A sheet of waxed paper slightly larger than the negative, some blot- 
ting paper, and a small quantity of hydrofluoric acid will be required. 

Place the negative on the back of a tray or on a sheet of glass which 
is perfectly level. To each ounce (30 cc.) of the above solution, add 
10 to 200 drops (1-10 cc.) of hydrofluoric acid and pour over the nega- 
tive until the surface is covered. Spread the solution, if desired, with 
the edge of a piece of cardboard. After one or two minutes, try one 
corner of the film with the fingernail. If free, pull away the edges. 
When the emulsion appears to be free of the support, apply a sufficient 
amount of the alcohol-glycerine mixture to cover the emulsion and 
apply the sheet of waxed paper. Squeegee the paper to the emulsion, 
using a flat squeegee lightly, and remove the film from the glass by 
lifting one corner with a penknife and stripping the waxed paper from 
the glass. 

The paper with its adhering emulsion is now placed on a glass plate 
which has been coated previously with a layer of soft gelatin, squeegeed 
lightly and the paper stripped, the point of a knife being used to hold 
the corner of the film on the glass. 

The following solution should be used to remove the image from film 
negatives : ‘ 


CaAustiCisodartee se eae are hee ws 23 gm. 100 gr. 
HOrmaline +0142, Seen ae ee Ea ee DiSces 100 min. 
WiabeictOn ta eh dee weer etere ene cake 1000 cc. 10 oz. 


The negative is placed in this solution until the emulsion layer is 
loosened, stripped carefully and placed in: 


IB ACC NOACROC!: v5 asagdune so vunoupeqe DECC: 25 min. 
GIN Cekinermn crates net ae ve Nee ak ae eta 5 Ce: 25 min. 
WVALEIUL Optiarc ony cere ert anoint dee 100 cc. 1 oz. 


It is then transferred to the new support.° 


5 These methods are taken from the British Journal Photographic Almanac, 


1937, 


Morris—The Sterry Stripping Process in Practice. Brit. J. Phot. 81 
(1934) 409. 
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Working-in Backgrounds on the Negative-—Many portrait 
photographers are quite adept at working-in or altering backgrounds 
on the negative. The picture, in this case, is made with a black back- 
ground, the object being to have the background portion clear and free 
from any detail whatsoever. The negative is then attached to a sheet 
of ground glass, or to matt celluloid, and the design worked in with 
lamp black, lead, or charcoal, using a paper stump and a rubber eraser.® 

Retouching with Dyes.——A most useful method of increasing 
the density of any portion of the image which may require it, lies in the 
application of dyes to the area to be lighted. A yellow-orange dye 
known as neo-coccine, the yellow, orange and red of the more trans- 
parent water colors employed for the coloring of prints and lantern 
slides may be used. Naphthalene black * also may be used and has the 
advantage of being a neutral black, thus enabling the added density to 
be estimated more accurately. The well diluted dyes are best applied 
to the dry negative with a small water color brush. As soon as the 
area to which the dye has been applied has been completely covered, 
the surplus dye is removed by blotting with cleah lintless blotting paper. 
With the brush in one hand and the blotter in the other, apply successive 
washes of the dye, blotting each off a moment later until the desired 
result has been produced. Should too much of the dye be applied, it 
can be removed by soaking the negative in water. In the case of neo- 
coccine, it may be necessary in some cases to soak the negative for a 
few minutes in a weak solution of sodium sulfite or carbonate. Cart- 
wright, writing in the Penrose Annual for 1935, suggests that in the 
case of neo-coccine, the effect of the dye be determified by examining 
it through a blue-green filter which causes it to appear more or less 
neutral gray. Berry recommends * the addition of precipitated chalk 
to the solution of neo-coccine to the consistency of a moderately thick 
cream, which should be applied to the dry negative by rubbing lightly, 
but rapidly with a camel’s hair brush or the ball of the finger in the case 
of larger areas for 10 to 15 seconds and then remove with a soft cloth. 

Removing Gelatin Backing of Film Negatives.—Frequently, the 
gelatin backing of a negative is scratched either in processing or by the 
handling it receives. Varnishing will usually eliminate scratches if not 
too deep in which case the gelatin backing must be removed. This may 


6 Photo Miniature No, 126, “Putting Backgrounds in Portrait Negatives,” or 
Johnson’s “The Art of Retouching Photographic Negatives.” 

7 Wakefield, Brit. J. Phot. Almanac (1940) 177. 

8 Camera (Phila.) (1940) 45. 
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be accomplished ° by squeegeeing the emulsion side of the negative to 
glass or Kodaloid, using rubber cement which should first be thinned 
to the consistency of light molasses with benzole. The addition of 5% 
by volume of amyl acetate results in better adhesion if Kodaloid or film 
base is used. The rubber cement, thus modified, is applied to the glass 
plate, or sheet of film base, and allowed to dry for about 30 minutes, 
after which the emulsion side of the negative placed on the tacky surface 
and squeegeed tightly in place. The negative with its glass or film base 
backing is then placed in 5% sulfuric acid at a temperature of from 
100° to 110° F. (38° to 43° C.). The gelatin backing of the negative 
will become soft in about 15 minutes and may be rubbed off with the 
tips of the fingers. 

After the gelatin backing has been removed, the negative is washed a 
few minutes in running water and stripped from the glass plate or film 
base. Any rubber cement adhering to the emulsion can be removed 
easily by rubbing with the finger tips. 


9 Ross and Crabtree, Brit. J. Phot. 73 (1936) 569. 
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DEVELOPING PAPERS 


Developing Papers.—The emulsions employed for developing 
papers differ from those employed for negative materials principally 
in the lower concentration of the reactants used in making the emulsion, 
resulting in lower dispersity (finer grain) and in containing less silver, 
per unit area.1 The amount of silver per 100 square centimeters is 
- given by Sheppard as being of the order of 0.018 grain as compared 
with 0.10 grain per 100 square centimeters of the average negative 
emulsion. According to the same authority ? the grains of silver halide 
in a developing paper seldom exceed 0.01 to 0.02 micron and are 
mostly below the resolving power of the microscope. 

In general, emulsions for developing papers are not washed to re- 
move the extraneous salts, nor digested or ripened, except for the cold 
ripening which may take place in storage before or after coating. 
Various substances, the nature of which is largely a commercial secret, 
are added to paper emulsions, these additions being necessitated by 
the properties of the paper base or to control the color of the image. 

Papers in which the sensitive halide is silver chloride develop rapidly 
and are used for both contact and projection printing. 

Bromide papers in which the sensitive halide is silver bromide de- 
velop slowly producing a black image and are used almost exclusively 
for projection printing. 

Chloro-bromide papers contain both silver chloride and silver bro- 
mide and are used for both contact and projection printing. The 


1 Photography as a Scientific Implement, p. 162. 
2J. Chem. Ed. 4 (1927) 298, 465, 749. 


SCHWARZ—Substances Affording Development of Bluish-Toned Images on 
Gelatino-Silver Chloride Papers. Sci. et Ind. Phot. II 7 (1936) 113. 

SEYEWETzZ—Constitution of Substances Giving Bluish Images with Silver 
Chloride. Proc. Ninth Int. Cong. of Phot. Paris, 1935, p. 360; Sci. 
et Ind. Phot. II 6 (1935) 300. 

STEIGMANN—Developer and Emulsion Additions. Phot. Ind. 37 (1939) 
774, 800. 

STEIGMANN—Green and Brown Developing Emulsions. Phot. Ind. 34 
(1936) 764, 872. 
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speed and image color of these papers vary with the proportions of 
one halide to the other. In the faster papers producing black images, 
silver bromide dominates, while in the slower-papers designed to pro- 
duce warm black or brown black images, there is a larger proportion 
of silver chloride. 

Paper Base.—This is always made especially for photographic 
purposes. It must be free from all foreign substances which would 
affect the emulsion, cause discoloration of the paper stock with time, 
and must have the physical strength to withstand the action of the 
various processing solutions. While pure rag paper stocks were 
formerly regarded as absolutely necessary for photographic purposes, 
paper base made from wood pulp is now used and is, in some respects, 
superior to the rag stocks formerly employed. 

Paper stocks for photographic papers differ in three particulars: 
(1) in weight or thickness, (2) surface and (3) color. 

Depending upon the thickness of the base, photographic papers are 
usually classified as (1) light weight, (2) single weight, (3) medium 
weight and (4) double weight. Single weight paper is ordinarily 
used for small prints or for prints to be mounted to solid mounts. 
Double weight papers are preferred for those left unmounted or if 
not to be mounted solidly. Light weight papers are used where weight 
is a consideration and more particularly when a high degree of flexi- 
bility is required. 

In most cases, a paper is obtainable in several surfaces, the more 
common being: (1) glossy, (2) semi-matt, sometimes called “velvet,” 
(3) matt, (4) rough, and occasionally (5) very rough. All other sur- 
faces may be regarded as variations of these. The semi-matt, matt 
and rough papers may or may not have a “sheen” or lustre. 

The usual colors are (1) white, (2) natural or cream white, (3) 
buff, also known as old ivory, and (4) pensé or pink. Blue, green and 
other paper stocks have been supplied for special effects. 

Papers are coated in rolls in much the same way as film, i.e., the 
paper base is drawn around a roller which dips into a trough contain- 
ing the fluid emulsion, from which it is conducted in festoons by means 
of roller conveyors into a chilling room where the emulsion “sets” 
and then to the drying room, where the emulsion layer is dried under 


WanveLtT—Modern Developing Papers, Phot. Ind. 32 (1934) 1350; Sci. 


et Ind. Phot. II 6 (1935), 121. 
CHARRIOU AND VALETTE—Photographic Emulsions for Printing Papers. 
Chemie et Ind. 36 (1936) 888. 
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carefully controlled conditions. Papers with a glossy surface and other 
surfaces having a tendency to show friction markings are usually 
supercoated with a layer of plain gelatin by a second coating roller 
before being conveyed to the chill room. 

Variations in the Shape of the D Log E Curve with the Type of 
Emulsion.—With papers, as with negative materials, the shape of 
the D log E curve varies with the time of development. With chloride 
and chlorobromide papers in which the bromide predominates, a stable 
curve shape is reached very quickly, more slowly in the case of warm- 
tone chlorobromide papers and still more slowly with most bromide 
papers. Once a stable curve shape is reached, the effect of continued 
development is to cause the curve to shift laterally to the left. 
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Fic. 317. D log E Curves of Papers of (4) Silver Chloride, (B) Silver 
Chloro-bromide, and (C) Silver Bromide, having Approximately the Same 
Maximum Density and Exposure Scale. 


The differences in the shape of the D log E curves of chloride, 
chlorobromide and bromide papers are shown in Fig. 317,? in which A 
represents a chloride paper, B a chlorobromide paper and C a bromide 


3 Jones and Morrison, J. Franklin Inst. 228 (1939) 445, 605, 755. 
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paper, all having practically the same contrast and maximum density. 
It will be noted that the curve of the chloride paper shows little, if 
any, straight line portion and that the portion most nearly approach- 
ing a straight line is in the upper density range. The shoulder por- 
tion of the curve is very short. On the other hand, the toe portion 
is long and sweeping. Curve C, representing a typical bromide paper, 
shows a more clearly defined straight line portion, a more gradual 
shoulder and a steeper and less sweeping tone portion. Curve B 
representing a chlorobromide emulsion, is of intermediate character, 
as would be expected. In general, the curve shape of a chlorobromide 
paper depends upon the relative amount of silver chloride and silver 
bromide in the emulsion. If the former predominates, the curve ap- 
proaches that of a chloride paper, if the proportion of bromide ex- 
ceeds that of silver chloride, the curve takes on the character of a 
bromide paper. 

Variable Contrast Papers.—Within the past year, developing 
papers in which the contrast of the image may be varied over a wide 
range by changes in the color of the exposing light, have been intro- 
duced commercially in both England and America. With these papers, 
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Fic. 318. D log E Curves of Varigam Paper Produced by Exposing with 
Different Filters. 
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it is possible by the use of filters to duplicate, on one paper, the range 
of contrast obtained on the different contrast grades of other papers. 

In one of these (Multigrade), two separate emulsion coatings are 
employed; one of low contrast sensitive only to blue and violet light, 
the other of high contrast sensitive to green as well as to blue and 
violet light. Consequently, if an exposure is made with a blue-violet 
filter, a print of low contrast is obtained. The use of a yellow (minus 
blue) filter results in a print of high contrast because only the green 
sensitive emulsion is affected. If an exposure is made first through 
one filter and then the other, an intermediate degree of contrast is ob- 
tained, depending upon the ratio of the two exposures. 

The second of the two papers to be introduced utilizes an emulsion 
in which the gamma varies with the wavelength of the exposing light, 
hence the name Varigam (varying gamma). 

A series of D log E curves showing the variation in gamma and 
exposure scale produced with a set of filters supplied for use with the 
paper is shown in Fig. 318. 

Choice of Paper Surface and Color.—The selection of a particu- 
lar surface and color is to a large measure a matter of personal pref- 
erence; however, the use to be made of the print is, at times, an im- 
portant factor. Glossy papers, for example, are preferred for prints 
for reproduction or where fine detail and a brilliant image is required. 
Semi-matt papers are used where the glossy surface is not regarded 
as desirable, but a surface with a decided texture, which would inter- 
fere with the reproduction of fine detail, would be objectionable. 
Matt, or fine grain papers, result in a softer, less brilliant, image which 
is regarded by many as more “artistic.” Rough papers are used 
chiefly for large prints where the general effect desired is one of 
breadth, with broad masses rather than detail. This is true to an even 
greater degree of such extra rough surfaces as tapestry, art canvas, 
tiger tongue, etc. 

The selection as to color depends upon the subject, the color of the 
image and the effect desired. In general, for subjects with cold colors 
for reproduction, a white paper stock is preferred. For pictorial work, 
sunshine effects, portraits, landscapes with foliage, the greater warmth 
of a cream white, or “natural” color base may be preferable. Buff 


PotteR—Varigam—A New Printing Paper. Phot.Tech. 2 (1940) 59. 
Renwick—Multigrade—A New Printing Paper. Phot. J. 80 (1940) 320. 
WeiILaAnp—Bromide Paper Characteristics. Amer. Phot. 34 (1940) 1. 
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colored paper stock is preferred by many for toned prints, for por- 
traiture, and other subjects for which a warm, colored image is suitable. 

Selection of the Proper Grade of Paper.—The proper grade of 
paper for a given negative depends upon (1) the density range of the 
negative, (2) the exposure range of the paper, and (3) the require- 
ments for good tone reproduction. 

It is evident that if the density range of the negative is too great, the 
range of exposures produced by the negative will be greater than the 
capacity of the paper to reproduce, i.e., the negative transmission range 
exceeds the exposure scale of the paper, and some of the density dif- 
frences of the negative will not be reproduced as tone differences in the 
print. 

If the transmission range of the negative is less than the exposure 
scale of the negative, only a portion of the available brightness range 
is utilized with the result that the scale of tones is less than that re- 
quired for a satisfactory reproduction of the subject. 

It is often assumed that the total exposure scale of the paper and the 
transmission range of the negative should be approximately the same. 
In this case, the maximum density of the negative is represented by the 
threshold density of the paper and the minimum negative density by 
the maximum black of the paper. A careful study of the subject, 
however, has shown that in practice this procedure is not followed. 
Occasionally, the maximum black of the paper may be required and on 
other occasions, the maximum white. In some cases, both are required. 
The range of exposure between the limiting gradients on the upper and 
lower portions of the D log E curve is, in general, a more reliable indi- 
cation of the transmission range of the negative, which will make a good 
print. These limiting gradients, however, have not been accurately 
determined. They undoubtedly have some relation to the average 
gradient of the D log E curve as has been found to be true of negative 
materials. Moreover, there are undoubtedly many cases in practice in 
which a particular printing paper is chosen because of the tone separa- 
tion which it produces, from a given negative, in a particular tone range. 
In other words, a particular paper may be selected because it produces 
the desired print density differences in that portion of the image which 
is of chief interest; as for example, the face in a portrait. 

For the present, it may be said that the choice of the grade of paper 
for a particular negative is largely a matter of judgment based upon 
experience and upon the effect desired and the problems of tone repro- 
duction involved are not now readily expressed in sensitometric terms. 
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Determining Printing Exposures.—The exposure required in 
printing depends upon four factors: (1) the intensity of the illumina- 
tion on the negative, (2) the negative densities involved, (3) the speed 
of the paper and (4) the effect desired. 

Frequently, two interrelated problems are involved in the determina- 
tion of the exposure: (1) the selection of the proper grade of paper 
for the negative and (2) the exposure required to produce the desired 
effect with the paper selected. Information on both of these is ordi- 
narily obtained by means of test exposures which, for the sake of econ- 
omy, are usually made on strips of paper. 

In recent years, the determination of printing exposures from photo- 
metric measurements of the negative, or the projected image, has re- 
ceived considerable attention, and a number of devices for rapidly and 
conveniently making such measurements and determining the exposure 
have been placed upon the market. In some of these instruments, 
photoelectric cells are employed, but the majority are visual spot pho- 
tometers in which the illumination of a selected portion of the image, 
received on a white field within the instrument, is measured by com- 
parison with the illumination on a small spot being illuminated by a 
small electric lamp, the intensity of which is varied by means of a rheo- 
stat. In some cases, the user is directed to measure the lowest image 
brightness (highlight negative density), in other cases, the highest image 
brightness (i.e., the negative shadow density) and in still other cases, 
the mean of these two values. 

The question as to what part of the image affords the most reliable 
indication of the best exposure has received considerable study.* Tut- 
tle, after a lengthy series of investigations in which studies were made 
of the reliability of the maximum (highlight) negative density, the 
minimum (shadow) negative density and the total (integrated) den- 
sity, concluded that “The total density is the best of the three objective 
criteria of printing exposure—minimum density the second best, while 
the maximum density is almost valueless.’”’ 

The latitude, or tolerance, in exposure is less with papers than with 
negative materials and, for prints of good quality, the exposure must be 
approximately correct. An examination of the effect of the time of 
development on the D log E curves of papers (Fig. 255) shows that 
with chloride papers in particular and with chloro-bromide and bromide 

*Dunn, Brit, J. Phot. 84 (1937) 37. Southworth, Brit. J. Phot. 82 (1935) 371, 


83 (1936) 641. Tuttle, J. Franklin Inst. (1937) 315. Tuttle, J. Soc. Mot. Pict. 
Eng. 18 (1932) 172. 
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papers to a lesser degree, the maximum black of the paper and the final 
or stabilized curve shape are reached after a relatively short time of de- 
velopment, and that the effect of continuing development is to shift the 
D log E curve laterally to the left; i.e., the exposure required for a given 
print density becomes less as the time of development increases until 
fog appears or development reaches finality. As applied to papers, lati- 
tude in exposure may be defined as the range of exposure over which 
the average density, of “depth,” of the print may be controlled by vary- 
ing the developing time without producing degraded or unsatisfactory 
tones. 

Developers and Development.—The development of prints is 
not essentially different from that of negative materials but certain fac- 
tors which are relatively unimportant in negative development become 
of considerable consequence in the development of emulsions on paper. 
The factors of diffusion and absorption of the developing solution by 
the gelatin film become much less important, while development takes 
on more of the character of the so-called “physical” development, i.e., 
the reduction of the silver from a solution which interacts with the 
developer. This alteration in the character of development is not due, 
however, to the use of an accessory solution depositing silver, as in 
actual physical development, but to the solvent action of the sodium 
sulfite of the developer on the fine-grained silver bromide and silver 
chloride. 

A factor of major importance in the development of prints is the 
color of the image. Excluding the effect of the paper base, the color 
of the image depends upon the dispersity of the silver deposit, i.e., the 


BirRMAN—Development of Chloro-Bromide Papers. Phot. J. 67 (1927) 
444, 

BIERMAN—The Control of Gradation in Bromide Printing by Development. 
Phot. J. 68 (1928) 456. 

ForRMSTECHER—Two-Bath Development of Prints on Paper. Phot. Ind. 28 
CGO30)) S50 'Sciet Ind--Phot. (1h) T1930) 253. 

Jones—The Relationship between the Size of Particle and Color of Image. 
Phot. J. 51 (1911) 159; Phot. J. 57 (1917) 158, correction of first 
paper. ; 

ScHwarz—Substances Affording Development of Bluish-Toned Images on 
Gelatino-Silver Chloride Papers. Sci. et Ind. Phot. (II) 7 (1936) 113. 

SEYEWETZ—Constitution of Substances Giving Bluish Images with Silver 
Chloride. Proc. Ninth Int. Congress of Phot. Paris, 1935. Sci. et 
Ind. Phot. (II) 6 (1935), 300. 

STEIGMANN—Blue-Black Development. Camera (Luzern), 13 (1934) 100. 
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average size of the particles of metallic silver comprising the image.’ 
The smaller the average particle size, the warmer the color. 

With any given paper, the average size of the silver particles and the 
color of the image depend upon: (1) the composition of the developer 
and (2) the time of development. The purest black which the paper 
will yield is obtained when the solvent effect of the developer is at a 
minimum, i.e., when a relatively large proportion of alkali is employed 
with only sufficient restrainer to prevent fog and when the image is 
developed to finality, i.e., until the latent image is completely developed. 

For bromide and chloride papers which are designed to produce prints 
with a black or bluish black color, metol-hydroquinone developers have 
almost completely displaced all others, although diaminophenol is pre- 
ferred by some workers.® * 

To obtain warm tones on chloride or chloro-bromide papers, the 
alkali is reduced and the amount of bromide or other restrainer in- 
creased in order (1) to increase the solvent action of the developer and 
(2) to prevent the complete development of the exposed grains of silver 
halide before an image of satisfactory gradation and quality is obtained. 
The use of developing agents of low potential, such as chloroquinol and 
glycin, alone or in combination with metol and hydroquinone, is favor- 
able towards the production of warm-colored images because of their 
greater sensitivity to the restraining effect of potassium bromide.  In- 
creasing the amount of restrainer tends to produce warmer colors due 
to the increased solvent action of the developer, while reducing the time 

5 Jones, Phot. J. 51 (1911) 151. 

6 The production of blue-black tones is facilitated with many papers, particu- 
larly those of the slow silver chloride type, by the addition to the developer of 
nitrobenzimidazol, benzotriazol, nitroimdazol, nitrosoquanidine, thiosemicarbazide, 
thiosemicarbazone, thioglycollic acid, 5-amidoquanide, quinone chloride, iodosoben- 
zine, quinoline and potassium sulfocyanate. 

Steigmann, Phot. Korr. 68 (1932) 75; Sci. ct Ind. Phot. 7 (1936) 74; Steig- 
mann, Camera (Luzern) 13 (1934) 100; Sci. et Ind. Phot. 6 (1935) 299; Seye- 
wetz, Sct. et Ind. Phot. 6 (1935) 300; Kieser, Phot. Ind. 31 (1933) 997; Gossler, 
Phot. Ind. 32 (1934) 476, 782; (1936) 1127; I. G. Farbenindustrie, Phot. Ind. 33 
(1935) 502; Brit. J. Phot. 83 (1936) 552. 

7 A very important factor in the production of good black tones is the use of a 
fresh developer. Chloride papers are very sensitive to soluble bromide, and, since 
the amount of bromide in the developer increases with every print developed, it is 
obvious that the developer must be renewed frequently if constantly good print 
quality is to be obtained. Contamination of the developer with hypo or other 
substances having a solvent effect on the silver halide is likewise to be avoided. 


Very small traces of hypo have a marked effect on the color of the image, chang- 
ing it from a good black or blue-black to a degraded color. 
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of development and increasing the exposure accordingly also tend to 
produce warmer tones. 

The Development of Prints.——Since prints are invariably de- 
veloped by inspection, an abundance of light, provided it is safe for the 
paper in use, is a decided convenience. In general, printing papers are 
sensitive only to ultraviolet, and blue and violet light, so that a yellow 
safelight provides adequate safety with good visibility. Some papers, 
however, are sensitive to yellow and still others to light orange. In 
any case, the recommendations of the manufacturer should be followed 
in this, as in other, respects. Tests of the safety of the illumination 
in the printing room may be made by exposing a sheet of paper, partially 
covered, for about 30 seconds, and developing im darkness for the usual 
time. If the light is not safe, the exposed portion of the paper will 
show a slight veiling. 

All papers, and in particular chloride papers for contact printing, 
which develop rapidly, must be quickly and evenly immersed in the 
developing solution to avoid uneven development of the image. The 
print, with the emulsion side up, may be slipped beneath the surface of 
the developer with a quick motion of the hand, or with the emulsion 
side down, the print may be covered in a continuous sweep by drawing 
it, by one corner, through the solution. 

Papers are very susceptible to stain and to avoid staining from the 
oxidation of the developing solution, prints should be exposed to air 
during development as little as possible. Since the rate of oxidation 
and the rapidity of development increase with the temperature of the 
developing solution, the temperature should not exceed 70° F. (21° 
C.) if at all possible. Cold developers, owing to the lower energy, 
lead to over-exposure and prints of poor color because of under- 
development. 

Considerable experience is required with a paper in order to be able 
to judge the progress of development, since the appearance of the image 
in the developer varies with the paper and to some extent with the 
surface. In general, the image as seen by the safelight appears of 
higher average density, lower contrast and with less density or “depth” 
in the shadows than after fixing. Fixing makes the image appear more 
brilliant by removing silver halide which being yellow colored has the 
effect of making the highlights appear slightly darker and the shadows 
lighter under the safelight. 


VARDEN—Two-Tray Development. Phot. Tech. 2 (1940) Oct. p. 32. 
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Control of Contrast Through Modification of the Developer.— 
The contrast of the print may be determined to some extent by modi- 
fication of the developer. In a metol-hydroquinone developer, increas- 
ing the metol and decreasing the hydroquinone and alkali will tend to 
decrease contrast, while increasing the amount of hydroquinone and 
alkali increases contrast. The laboratories of Agfa-Ansco have found 
that the addition of glycin tends to increase the contrast still further 
and recommends two formulas: § 


Agfa No. 120 Agfa No. 130 

For soft prints For contrast prints 
iEkooswmtee CAS? 19, S2°C5),. 4. || FO we. 24 oz. (50micc 24 .0z8 
Metoli teins a eee 12.3gm.| 14 oz. 70 gr. Bixesaay, || Se eee, 
Sodium sulfite (des.).......... 36.0gm.} loz. 88gr.) 50 gm. 134 oz. 
Sodium carbonate (des.)....... 36.0 gm. 1 oz. 88 gr.) 78 gm. 2% oz. 
Ey droquinoue ses t-te eee a 11 gm.| oz. 50 gr. 
Potassium bromide........... 1.8 gm. TH ke Spaweanne, || 10) age 
GIV cinta dee eee — 11.0 gm. | 4 oz. 50 gr. 
Watertomnalkevy- rae ee LOOO cc: S2Roz 1000 cc. SZ OZ 


Agfa 120 for soft results: For use, dilute one part stock solution with two parts 
water. 

Agfa 130 for contrast results: For use, dilute one part stock solution with one part 
of water. Greater contrast can be obtained by using the developer full 
strength. 


Either of these developers may be used alone or the print may be 
partially developed in one and then transferred to the other until de- 
velopment is complete. Generally, however, the developers are best 
employed in conjunction with each other. 

Stop Baths.—Upon removal from the developer, the print should 
be drained briefly and rinsed thoroughly in a stop bath prepared by 
adding 1% ounces of acetic acid (28%) to 32 ounces of water (45 cc. 
acetic acid to 1000 ccs. of water). The use of a stop bath reduces the 
risk of stains and lengthens the useful life of the fixing bath by neutral- 
izing the alkali of the developer and preventing the oxidation of the 
developing agent. After a thorough rinse, the print is transferred to 
the fixing bath. Prints should not be allowed to remain in the stop 
bath for more than one or two minutes or the quality of the image may 
be affected. 


8 Agfa Dian:ond, Jan. Feb. 1940, p. 10. 
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Fixation of Prints.—It has been conclusively proved that the 
time required for the fixing of prints is much less than for negative 
materials. There are four reasons for this: 


1. The smaller grain size of papers as compared with negative 
materials. 

2. The thinner emulsion coating and lower concentration of silver 
halide. 

3. The greater solubility of silver chloride as compared with silver 
bromide and silver iodide. 

4. The porous nature of the support which allows free access of hypo 
from both sides. 

The time required for fixing in a fresh fixing bath depends upon the 
paper, the concentration of hypo, and the composition of the fixing bath, 
but is seldom over one or two minutes. The customary ten to fifteen 
minutes is justified, however, when prints are fixed in quantities and in 
a used fixing bath. 

Owing to the smaller quantity of silver halides per unit area, a given 
quantity of fixing bath will fix more prints than films. However, there 
is no ready means of determining from the prints themselves whether 
or not the bath is in good condition; hence it is important to be on 
guard against using the bath beyond the limits which result in thorough 
fixing. For an acid fixing and hardening bath with a hypo concentra- 
tion of 25%, this limit is approximately 50 8 X 10 prints per gallon, 
or an equivalent in other sizes.1° 

The use of two fixing baths is even more important than in fixing 
negative materials since (1) there is greater tendency to overwork the 
fixing bath in fixing prints, and (2) the proper fixing of prints depends 
upon keeping the prints in circulation during fixing to ensure access to 
hypo. The use of two fixing baths necessitates some handling of the 
prints in transferring from the first to the second bath and this in itself 
is an added guarantee of proper fixing. 

Long fixation is harmful, particularly with a fresh fixing bath, as the 
relatively fine-grained image is slightly soluble in strong hypo, especially 
in an acid condition; thus prolonged fixing results in a reduction in the 
depth of the shadows and highlights which appear “eaten away.” 
Longer fixing times by favoring the retention of the hypo by the paper 
base, necessitate longer washing. 


9 Warwick, Amer. Phot. 11 (1917) 639. Lumiére and Seyewetz, Brit. J. Phot. 


71 (1924) 108 
10 For methods of testing fixing baths, see p. 358. 


i} 
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Washing of Prints.—It is often assumed that prints are more 
quickly washed than negatives because of the porous nature of the 
base which will allow elimination to take place from both sides. This, 
however, is not true, and prints in reality require longer washing for 
an equal degree of elimination from hypo than do negatives. This 
appears to be due to the retention of small traces of hypo by the baryta 
base coating of the paper. : 

Hickman and Spencer found?! that extremely long washing times 
are required for the removal of hypo from papers and Crabtree, 
Eaton and Muehler, after a detailed investigation of the subject, con- 
cluded that prints cannot be washed entirely free from hypo within a 
reasonable length of time unless a hypo eliminator is used.*? 

The following hypo eliminator is advised: 


KODAK HE-1 


Hypo Eliminator Solution for Professional and Amateur Use 


Metric Avoirdupots 
NEU on oer AOD Sciers EE. rae ee Oe ne 500.0 cc. GnOZ 
Hydrogen Peroxide (3% solution).... 125.0 cc. A loz. 
Kodak Ammonia (3% solution)... .. 100.0 cc. 3% fl. oz. 
Wire pitoriuntel Ors sem hod adres a0 ni ald od 1.0 liter C2mOz- 


To make 3% ammonia, dilute 1 part of 28% ammonia with nine 
parts of water. 

Directions for Use: Wash the prints for about 30 minutes at 65° to 
70° F.48 in running water which flows rapidly enough to replace the 
water in the vessel (tray or tank) completely once every 5 minutes. 
Then immerse each print about 6 minutes at 70° F. in the Hypo Elimi- 
nator Solution (Kodak HE-1), and finally wash about 10 minutes 
before drying. 

Life of Kodak HE-1 Solution: About fifty 8-inch & 10-inch prints 
or their equivalent per gallon (4 liters). 

Tests for the presence of hypo can be made by any of the usual 
methods (p. 367) but for prints the silver nitrate test is the most 
suitable. 

With some papers, the use of this hypo eliminator may lead to a 
slight change in tone. In this case, add 15 grains of potassium bro- 


11 Hickman and Spencer, Phot. J. 64 (1924) 539. 

12 Crabtree, Eaton and Muehler, J. Phot. Soc. Amer. 6 (1940) 6. 

13 For lower temperatures, increase the washing time. Double the washing time 
should be used when double-weight prints are treated. 
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mide to each 32 ounces (1 gram per liter) of the solution. The slight 
yellowing of the whites may be minimized by immersing the prints 
in either a 1% solution of acetic acid or a 1% solution of sodium 
sulfite for two minutes upon removal from the hypo eliminator. 

Drying Prints.—Prints on matte or semi-matte papers may be 
dried face up on blotters or on stretchers covered with cheese cloth 
or muslin. As prints left on the stretchers until bone dry will curl 
badly, they are best removed when nearly dry and placed between 
blotters and under pressure until dry. 

A very satisfactory and convenient method of drying prints, except 
on’ glossy papers, is in a photo-blotter roll. This consists of a cloth- 
surfaced blotter, a plain blotter, and corrugated cardboard. The damp 
prints are laid face down on the cloth-surfaced blotter and covered 
with the plain blotter, then rolled up in the corrugated cardboard and 
fastened with a string or rubber band. The roll may be stood on end 
on the top of a radiator or hot-air register, or laid on its side with one 
end facing an open window. Prints dried in such a roll come out 
smooth and with a slight outward curl. 

Prints on glossy papers are usually dried on squeegee tins or on 
glossy print driers. 

There are two kinds of squeegee tins: the black enameled ferrotype 
plates and the chromium plates. The latter are more durable, scratch 
less easily, and last longer. There is also less tendency for prints to 
stick to the plate, particularly when dried by heat. 

In either case, ‘the plates should be cleaned frequently with warm 
water to remove any particles of gelatin which may have been left on 
the plate when the prints were removed. It is not necessary to use a 
polishing solution each time the plate is used, but to prevent prints 
from sticking, it is well to polish the plate every day or so. A good 
preparation for this purpose may be made by dissolving 10 grains of 
paraffin in one ounce of benzine. Any one of the many commercial 
preparations may be used instead if desired. Wet a tuft of cotton 
with this solution and go over the plate thoroughly; then polish off 
with a soft cloth such as canton flannel. There should be no visible 
trace of the solution left on the plate or the prints will have a greasy 
appearance. 

When ready for use, the plates should be placed on a drainboard or 
in the sink and sprayed with water to remove dust or lint; the more 
water on the plate the less likely air bells are to form beneath the 
print and the less danger of prints sticking to the plate. 
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Where heat is used in drying prints on chromium squeegee plates, 
it is sometimes advisable to soak prints in a glycerin solution, 8 to 10 
parts of water to 1 part of glycerin, for 5 minutes before placing them 
on the tins. This prevents prints from becoming brittle when dry and 
from cracking if run through a print straightener. 

Prints should be taken directly from the wash water and, without 
draining, placed face down on the ferrotype plates, being careful to 
avoid air bells which will cause dull spots by preventing perfect con- 
tact. A slight pressure with the finger in the center of each print will 
prevent sliding. 

Prints on squeegee tins may be allowed to dry normally or, if time 
is limited, drying may be hastened by using an electric fan or the mod- 
erate application of heat. 

It is not advisable to dry prints too rapidly or at a temperature above 
150° F., as the gloss and color of the prints will be affected. Rapid dry- 
ing may result in the formation of drying marks or circles on the prints, 
and a ground-glass or check effect on the surface of the plates. 

If prints adhere to the plate so that they cannot be removed, it may 
be due to one or more of the following causes: 


1. The plate was not properly cleaned and polished. 

2. The surface of the print was softened by prolonged washing, by 
washing in warm water or was insufficiently hardened because of an 
exhausted or improperly compounded fixing bath. Use a fresh acid 
fixing and hardening bath at a temperature not higher than 70° F. 
(2b Caye 

3. The prints were dried at too high a temperature and without suffi- 
cient circulation of air. Avoid heat in drying and place the tins where 
there will be a good circulation of air. 

Equipment for Processing Prints in Quantity—Fig. 319 shows 
a developing machine widely used in photofinishing. The exposed 
prints are placed on the moving belt at the left. This leads to the 
“doping”? mechanism which, operating without attention on the part 
of the operator, immerses the print in the developing solution which is 
contained in the large tray in front of the operator. In the develop- 
ing solution, the prints proceed from left to right along the length of 


Weybe—Preventing Loss of Brilliance in the Hot-Drying of Prints. Phot. 
Ind. 36 (1938) 528. 

Kirser—Preventing the “Burning” of Images with Hot-Drying. Phot. 
Ind. 36 (1938) 169. 

TrrEB—High Gloss Prints. Phot. Chronik. 43 (1936) 439, 450, 459; and 
44 (1937) 14, 23, 29. 
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the tray in front of the operator who removes each print from the 
developer, when it has reached the proper depth, and transfers it to the 


Itc. 319. Apparatus for Developing Prints in Quantity. (Pako Corporation.) 


Se | 


Fic. 320. Apparatus for Automatic Handling of Prints Following Development. 
(Pako Corporation. ) 


stop bath on the other side of the partition at the right. This machine 
makes it possible for a single person to develop from 700 to 800 aver- 
age size amateur prints per hour. 
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In Fig. 320 is shown a machine for the automatic handling of prints 
in the stop bath, the fixing bath and in washing. This machine con- 
sists essentially of a number of trays for the processing solutions and 
for washing all enclosed in a sink which, through power supplied by 
an electric motor, is rocked back and forth so as to keep the prints 
in the various baths separated and on the move constantly. Within 
these trays, the prints are contained in baskets as shown at the left. 
The prints on these baskets are automatically transferred from one 
tray to another at given time intervals so that the prints, after having 
been placed in the stop bath, require no further attention until ready 
for drying. The capacity of this machine is approximately 1000 aver- 
age size amateur prints per hour. 


PAK) 


Print Washer 


Fic. 321. Motor Driven Print Washer. 


So far as efficiency is concerned, it is doubtful if any means of 
washing prints is superior to the use of a fairty large tray (16 X 20 
or 20 & 24) fitted with an Eastman Automatic Tray Siphon (Fig. 321a). 
The water entering the tray makes a complete circuit, keeps the prints 


EQUIPMENT FOR PROCESSING PRINTS IN QUANTITY oe 609 


on the move and well distributed, and is drawn off through the siphon ; 
the water in the tray is thus changed every few minutes. 


Few wash- 
ing devices provide so rapid changes 


of water. 


Fie. 32la. Eastman Syphon Washer. 


For large batches of prints the cylinder cage type of washer (Fig. 
321) in which the prints are placed in a cage which is revolved either 


Fic. 322. Belt Drier for Glossy Prints (Eastman). 
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by water power or an electric motor is more suitable, although it is 
not particularly efficient either from the standpoint of rapid water 
changes or keeping the prints well separated. 

The most common form of print drier is that in which the prints 
are placed on a belt which passes over a heated drum revolved by a 
motor. There are several different types; some with a single belt 
and others with two. Some are adapted for semi-matte or matte 
prints, others for gloss prints. In the latter, the surface of the drum 
consists of polished chromium steel, and the prints are dried with the 
emulsion side in contact with the drum. 


Fic. 323. Drier for Matt Prints. 
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The drier shown in Fig. 323 is designed for portrait and commer- 
cial prints on semi-matte or matte papers. The prints are placed be- 
tween linen faced blotters which, in turn, are placed between sheets 
of corrugated board. Warm air supplied by an electric heating unit 
is then blown through the openings in the corrugated boards by means 
of the electric fan shown at the left. 

Rush Prints.—Where time is an important consideration, prints 
may be made from the negative as soon as it has been fixed by cover- 
ing the emulsion surface with a sheet of thin celluloid, cellophane, or 
Kodapak. The negative will not be damaged if it has been thoroughly 
hardened in a properly compounded acid fixing and hardening bath, 
unless, of course, it is allowed to become quite warm. 

The time required to dry prints may be reduced slightly by im- 
mersing the well-washed prints for about one minute, or until the 
paper assumes a transparent appearance, in methyl alcohol and then 
drying by heat. Less heat is required and the color of the image is 
not altered to the same extent as when drying is forced by the use 
of heat. 

For still more rapid drying, the alcohol adhering to the surfaces of 
the print may be burned off. This, however, is not recommended ex- 
cept where speed is the primary consideration. 

Prints for Reproduction.—The coarse half-tone screens (60-70 
lines per inch) necessary for newspaper reproduetion destroy fine 
detail and delicate gradations of tone. The picture, therefore, should 
be built up of distinct, clear-cut masses of light and shade. A light 
or medium tone background 1s better than a dark black one as_ black 
backgrounds are difficult to print on high speed newspaper presses. 
Prints for newspaper reproduction should be a trifle lighter than would 
be regarded as correct for other purposes, because of the tendency in 
newspaper printing for the half-tone dots to “fill in,” which results in 
a reproduction darker than the original. 

The print should be black or blue-black. Prints with a greenish or 
olive-black color are no longer desired by the photo-engraver. It 
should be on glossy paper, squeegeed, and have at least 14 inch margin. 
A print larger than the reproduction is desirable, but if enlarging is 
resorted to, the print must be critically sharp and clear. 

In printing upon coated papers, finer line screens are used (80 to 
145 lines per inch) and the detail and gradation of tone in the original 
can be more accurately reproduced than in newspaper work. 


612 Oe DEVELOPING PAPERS 


Prints for reproduction in publications using coated or calendared 
paper should have a full scale of gradation and not too much contrast. 
Contrast in the subject is desirable, but artificial contrast which is pro- 
duced photographically through over-development of the negative or 
the use of a hard paper is to be avoided. A print with chalky high- 
lights and dark shadows will, in the ordinary course of events, become 
still more contrasty when reproduced. 

In rotogravure and photogravure, the best results are secured from 
photographs with clean, brilliant highlights and good rich blacks. 
Since both processes tend to increase contrast, the original should be 
rather softer than that for half-tone reproduction. 

Improvement of the Print by Local Shading During the Ex- 
posure.—The improvement of the print through shading or other- 
wise altering the amount of exposure which a portion of the image re- 
ceives and so controlling the values of the print is known as dodging. 

The simplest method of dodging consists in shading, during the ex- 
posure, with an opaque card held in the hand and kept in motion to 
prevent a sharp edge. Shading may be utilized to hold back an area 
which prints too dark or to increase the exposure in the case of an 
area which prints too light. Small areas which print too light may 
be printed by cutting an opening of the proper size and shape in a 
piece of cardboard and using this to shade the rest of the negative so 
that it will not be over-exposed while the additional exposure is being 
given for the denser portion. A small area which prints too dark can 
be held back with a card of the proper size and shape attached to a 
piece of wire and kept in motion during the exposure so that the wire 
will not show. 

It is very difficult to shade negatives in this way on many printing 
machines because the opaque platen of the printing machine prevents 
one from seeing what is being done. The principal objection to 
shading as a means of controlling local values, however, is that it is 
difficult to make a number of prints exactly alike. 

If the negative is on glass, the back is covered with ground-glass 
substitute and areas which are to be lightened are gone over on the back 
with a soft lead pencil. If the negative is on film, a sheet of clear glass 
is flown with ground glass substitute, the back of the film negative at- 
tached to the clear glass side, and the density of the areas to be lightened 
built up with a soft lead pencil. For larger areas, crayon sauce, obtain- 
able from artist supply stores, may be applied with paper stumps or a 
small wad of cotton. Instead of crayon sauce, many prefer a little 
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ordinary blue water color applied with a brush. Unless the area is to 
be held back considerably, the blue color will probably be sufficient ; 
yellow may be used sparingly for very thin areas. Areas which are to 
print darker may be improved by applying a little vaseline to the ground 
glass. 

Great accuracy is not necessary.since the thickness of the glass so 
diffuses work on the ground side that minor irregularities are smoothed 
out. 

Another method of control which is suitable for areas not too small 
consists in placing a sheet of tissue or transolene (obtainable from pho- 
tographic supply houses) an inch or so below the negative and applying 
water, oil colors, or opaque (much diluted) to the paper beneath those 
portions of the negative to be held back. Openings may be cut in the 
paper to accommodate those portions of the negative which need more 
exposure. 

Thin wads of cotton placed on a sheet of glass an inch or so below 
the negative may be used to good advantage in some cases. A few 
printers use sand in a glass bottom tray in much the same manner. _ 

Still another method (and a very convenient one) is to cut openings 
in onion-skin paper in such a way as either to hold back certain parts of 
the negative or to make them print darker, whichever is desired. The 
negative is placed on the printing machine and the area to be held back 
(or to be printed darker as the case may be) is outlined on a sheet of 
paper placed over it, using a wax pencil. The outline is made a trifle 
smaller than the area to be held back. Now take the point of a sharp 
knife and cut out the paper along the outline, making a saw-tooth edge. 
Place the cut-out paper mask on one of the clear glass shelves below the 
negative and center the negative over it so that the areas to be printed 
darker will be directly over the cut-out portions of the paper. The 
negative is now attached to the glass of the printer with Scotch tape 
and the print made. The sharpness of the outline may be controlled by 
placing it at different distances from the negative—the nearer it is to the 
negative, the sharper the shading. 

Vignetting.—To produce a vignetted print (that is, one in which 
the image fades gradually into white paper) a subject with a white back- 
ground is necessary. 

To make a vignetted print, proceed as follows: Attach the negative 
to the glass of the printing machine (or printing frame) using two 
short pieces of cellulose tape. Place over the negative a sheet of clear 
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glass and outline on this glass, using a wax or china-marking pencil, the 
portions which are to be vignetted. Remove the glass, and place over 
it a sheet of yellow-orange or “post office” paper and trace the outline 
on the paper. With the point of a knife tear out the inner portion 
leaving a jagged, saw-tooth edge. The rougher the edge and the longer 
the “teeth” of the saw, the better. Now place the cut-out mask on one 
of the sheets of glass several inches from the negative. The greater 
the distance between the mask and the negative, the softer will be the 
edge. 

Some printers make vignetted prints by means of a glass-bottomed 
tray and sand. The black sand used by sign painters is best, but ordi- 
nary fine-grain sand is satisfactory. To distribute evenly the sand, the 
tray is shaken and then placed on one of the glass shelves directly be- 
neath the negative. A soft brush is used to “shape up” the opening in 
the sand to produce the desired effect. By having the layer of sand 
thin along the edges, the light coming through the sand will produce a 
graded edge. The remainder of the layer should, of course, be suf- 
ficiently thick to prevent light from reaching the paper. 

A vignetted effect may be produced on the negative with an air 
brush using a fine grade of lamp black or non-actinic color. 

Reduction and Intensification of Prints——Generally speaking, 
the action of the various reducers is the same as with negative mate- 
rials.14 The permanganate reducer acts nearly proportionally, while 
iodine cyanide is perhaps the best subtractive reducer because it is non- 
staining. For super-proportional reduction, persulphate alone appears 
suitable. In practically all cases it 1s necessary to use a diluted solution 
to keep the process under control.?® 

For local reduction, iodine cyanide is especially suitable as it is non- 
staining and does not change the color of the image. The ““waxy” 
appearance of the reduced area may be removed by washing the print 
for 5 to 10 minutes, fixing for 5 minutes and washing for 15 to 20 
minutes. 

Dry prints may be reduced with a spirit-soluble reducer composed of 
iodine and thiocarbamide in methyl alcohol.1® In addition, there is no 
continuing action to result in over-reduction and no tendency of the 
reducer to spread over into portions where it is not wanted. Two stock 
solutions should be prepared: 

14 Jones and Fawkes, Brit. J. Phot. 68 (1924) 275. 


15 Staude, Phot. Rund. 73 (1936) 429. 
16 Greenall, Brit. J. Phot. 73 (1926) 73, 383. 
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FANON Nee ates Bis a8 esaie tb Pid SEO eno ee eee 20 gr 
Methyalcoholtvanseen ate ee oat se 1 oz 
Shake now and then until dissolved 
B—Alhiocarbamides merrier ease oeiei cee 40 gr. 
Walled ori nme tee mer chum yee Ce Le hs uh ad 1 oz. 


For use take equal parts of A and B. For areas requiring but little 
reduction, this may be diluted with an equal part of water. 

The dry print is pinned down by the corners to a board and the 
reducer applied to the area to be reduced with a water color brush of 
appropriate size just wet with the solution. In the other hand must 
be a larger brush or tuft of absorbent cotton charged with the methyl 
alcohol which is applied to the print immediately not waiting to see if 
reduction has gone far enough. The excess alcohol is next blotted off 
and the operation again repeated if the first has not been sufficient. 
As soon as reduction is complete, dip the print in hypo (without pre- 
vious washing) for a few minutes; then wash and dry as usual. 

Permanence of Prints——The fading of silver images is the re- 
sult of the partial conversion of the silver of the image to silver sulfide 
from (1) the decomposition of hypo left in the image from insufficient 
washing, (2) insufficient fixation which results in the formation of 
complex silver sodium-thiosulfates which decompose to form silver 
sulfide, or (3) to attack by hydrogen sulfide, sulfur dioxide and other 
gases generally present in the atmosphere, particularly in industrial 
localities. Fading from all sources, but particularly the last named, is 
greatly accelerated by high temperature and by moisture. 

Prints made for historical or other records should be thoroughly 
fixed in a fresh fixing bath and thoroughly washed using a hypo- 
eliminator (p. 369) to ensure the complete removal of hypo.*? 

Fading, due to external agents, may be reduced (1) by sulfide or gold 
toning,?® (2) by covering the print with a water-proof lacquer, and (3) 
by dry mounting rather than the use of water-miscible adhesives. The 
latter, being hygroscopic, tend to contribute to fading by attracting mois- 
ture to the image. Gold toning is generally preferable to sulfide toning, 
as the change in the color of the print is so slight with many papers as 
to be unimportant. In using a lacquer, care should be taken to use 
only those which have been tested and found to be free of any dele- 
terious effect on the image. 


17 Crabtree, Eaton & Muehler, J. Phot. Soc. Amer. 6 (1940) 6. 
18 For a suitable gold toning formula, see p. 653. 


Freytac—Factors Influencing Permanency of Prints. Phot. Chron. 44 


(1937) 401. 
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CONTACT AND PROJECTION PRINTING 


In contact printing, as the name indicates, the sensitive paper is ex- 
posed in contact with the negative; in projection printing an image of 
the negative is formed on the paper by optical projection. The pro- 
jected image may be larger than the negative (enlargement) or smaller 
(reduction). Projection printing is usually employed to make prints 
larger than the negative and hence is frequently termed enlarging. 

Contact Printing—Exposing the Print—When using a printing 
frame, the back is removed, a sheet of cleaned glass free from imper- 
fections is placed in the frame, and the negative on this with the 


lic. 324. A Reading Lamp Provides a Simple Means of Exposing Prints When 
Using a Printing Frame. 


emulsion side up. The paper is then placed in the frame with its sensi- 
tized surface in contact with the negative, the back replaced and the 
springs clamped down. If white margins are desired, a mask should 
be placed either between the glass and the negative or the negative and 
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the paper. In the case of film negatives, the first position is prefer- 
able; with glass plates, the mask should be placed between the negative 
and the paper. 

A convenient method of exposing is shown in Fig. 324. The distance 
between the lamp and the printing frame should be sufficient to illu- 
minate the negative uniformly. This method of exposing is not as 
rapid or as convenient as a printing machine, but has the advantage of 
affording greater opportunities for the shading or “printing in” of por- 
tions of the negative requiring a different exposure from the rest. 

The usual method of determining the proper exposure is by means 
of trial and error using test strips. See pages 598 and 635. 

Printing machines may be broadly divided into four classes: (1) ama- 
teur, (2) professional, (3) photofinishing, and (4) those in which the 
required time of exposure is made automatically. At the present time, 
all printing machines of this last mentioned type are designed for photo- 
finishing ; however, the principles employed may be extended to other 
types in the future. 


Fic. 325. Printer for Amateur Use (Eastman). 


A typical printing machine designed for use by the amateur is shown 
in Fig 325. It is designed for printing from negatives 4 X 5 inches 
in size, or smaller, singly or in a roll, and has a 40 watt exposing light 
which is switched on and off with the lowering or raising of the platen 
and a ruby pilot light which burns continually. A masking device of 
four adjustable metal strips is provided for convenient masking of nega- 
tives of different sizes. 

Printing machines for professional use are similar, but are designed 
for larger negatives (8 X 10, 11 X 14 and larger), are more ruggedly 
built and more attention is given to methods of changing the illumina- 
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tion for papers of different speed and shading, or otherwise controlling 
the exposure on different parts of the negative. In the example shown 
in Fig. 326, any one of three tungsten lamps, which may vary from 25 


Fic. 326. Printer for Professional Use (Eastman). 


to 1000 watts, may be used according to the speed of the paper or the 
density of the negative by one simple movement of the fixture in which 
the three lamps are mounted. Sheets of plane or ground glass are 


Fic. 327. Head: of Pako Professional Printer Shown Raised to Permit Use of 
Spotlight Shown at Right for Local Printing. 


placed below the heavy plate glass printing surface for shading mate- 
rial. In another example, the top of which is shown in Fig. 327, the 
printing head is hinged so that after making a general exposure in the 


CONTACT PRINTING—EXPOSING THE PRINT Oe 619 


usual manner, the top of the printer may be raised to the vertical posi- 
tion as shown, and dense areas on the negative “printed in” with the 
small hand-held spotlight at the right. 

Printing machines for use by the professional photofinisher are de- 
signed for the rapid printing of amateur negatives either in a roll or 
singly. In the example shown (Fig. 328), the exposing platen is oper- 


Fic. 328. Printer for Commercial Photofinishing. (Pako Corporation.) 


ated by a foot treadle so as to leave both hands free for manipulation 
of the paper and the negative. An adjustable numbering stamp places 
the order number on the back of each print. This enables the prints 
as they come from the driers to be classified by order numbers. In 
some cases, the machine is designed so that the exposed sheet of paper 
slides into a container which is removed at intervals and the accumulated 
prints developed; in other cases, the exposed sheet of paper slides on 
to a conveyor belt which takes it to the developer. 
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Two common difficulties with printers are imperfect contact and 
uneven illumination. Imperfect contact may arise with use from the 
weakening of the springs and is sometimes due to buckled or warped 
negatives. Imperfect contact, particularly along the margins, is some- 
times caused by placing the negative underneath rather than on the 
masking strips. Poor contact may be discovered by making a print 
from a negative having sharply defined detail throughout the image. A 
copy of a page of printed matter makes an excellent test plate. If poor 
contact is discovered, the springs should be adjusted or renewed. Lack 
of uniformity in illumination is sometimes the result of using a lamp 
for which the printer was not designed. 
The illumination over the printing area may 
be checked by making a brief “flash” ex- 
posure on a sheet of contrast paper without 
a negative. If the exposure is not too great, 
any unevenness in illumination will be ap- 
parent upon development. Sometimes the 
illumination can be improved by the addition 
of a sheet of ground or opal glass. In some 
instances, the use of a smaller lamp or moving 
the position of the lamp will improve matters. 

Projection Printing.—In projection 
printing, the light rays passing through the 
negative, N (Fig..329), and the lens, L, are 
brought to a focus on the sensitive paper, P, 
forming an image the size of which depends 
upon the focal length of the lens and the 
relation of the negative-lens distance and 
the lens-to-paper distance. These distances 
are the so-called conjugate distances (see p. 
623), and are usually designated as v and u 
Tie 420.0_.Buvieiple ofsbtes respectively. When u is greater than v, the 

jection Printiny. projected image is larger than the original 

and the resulting image is termed an en- 

largement. When v is greater than u, the projected image is smaller 

than the original and the print is termed a reduction. The distances 
u and v are readily found from the following equations: 


(ea 


“u = (m + Df, 
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where m == magnification of the image (i.e., ratio of negative to pro- 
jected image) and f = focal length of the lens. 

The apparatus employed for projection printing consists essentially 
of the following parts: 


1. A light source of sufficient intensity and suitable characteristics. 

2. A light-tight housing to enclose the light source. 

3. A reflector, condensing lenses, or both, to illuminate uniformly 
the negative. 

4. A holder for the negative. 

5. A projection lens with a bellows, sliding tube, or other light- 
tight, adjustable connection with the negative. 

6. Means for focusing the image. 

7. A standard to support the projection unit and provide for its 
movement up and down. 

8. An easel to hold the sensitive material in place for the exposure. 

Light Sources for Projection Printing.—Electric sources have 
long displaced all others; incandescent tungsten lamps are now by far 
the most widely employed; gaseous conductor tubes, such as the mer- 
cury vapor arc and fluorescent tubes, are in use to a limited extent, but 
the electric arc is no longer in general use. 

While clear glass lamps are used frequently, the trend is towards the 
use of photoenlarger lamps having an opal glass bulb, even in pro- 
jection apparatus fitted with condensing lenses. Some photoenlarger 
lamps are of the overvolted, or photoflood, type and have a relatively 
short life. This is not in itself a serious disadvantage except that the 
illumination falls off rapidly as the lamp approaches the end of its life; 
variations in exposure, therefore, are more frequent than with lamps 
having a longer life. 

An important consideration in the use of incandescent filament 
iamps of any kind is the variation in the intensity of illumination, and 
therefore in exposure, with comparatively small variations in voltage 
(page 172). For work demanding high precision, as in printing from 
color separation negatives, it is important that means be provided for 
maintaining an electrical supply of constant voltage. Manually con- 
trolled devices are generally adequate, but automatic voltage regula- 
tors are more convenient and more desirable, if the fluctuations in 
voltage are frequent. 

A second important consideration in the use of incandescent tung- 
sten lamps is the dissipation of the heat in such a way that the nega- 
tive is not likely to be damaged. A large proportion of the radiant 
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energy output of an incandescent filament lamp is in the infra-red 
(heat) region. This radiation, unless prevented from reaching the 
negative by heat-absorbing glass, may result in the buckling or melting 
of film negatives, or the cracking of glass plates, on long exposure. 

Mercury-vapor arcs, such as the well known Cooper-Hewitt lamp, 
and fluorescent tube lamps have several advantages as compared with 
incandescent filament lamps. The tubes form a more extended source 
of light with greater diffusion, thus simplifying the problem of ob- 
taining uniform illumination and lessening the contrast with which 
retouching, scratches and other defects on the negative are reproduced 
in the print. Unlike incandescent lamps, the fluorescent lamp and 
the mercury-vapor arc generate but little heat; they also show less 
variation in illumination with voltage changes. On the other hand, 
the high degree of diffusion and the abundance of shortwave radiation 
result in images of lower contrast than when incandescent lamps are 
used. The difference is more marked with mercury-vapor arcs than 
with fluorescent lamps. Finally, a minor disadvantage is that expos- 
ures cannot be made by turning the light on and off as the lamp does 
not reach full intensity for some time after the current has been ap- 
plied; hence, the lamp must be allowed to burn continuously and the 
exposure made by means of a shutter or cap. 

Illumination of the Negative.—Incandescent lamps are usually 
used singly in a reflector, generally parabolic in shape, which also 
forms the light-tight housing confining the light to that passing 
through the negative. The interior of the reflector is usually given a 
diffuse (matt) reflecting surface, but is sometimes silvered. The 
silvered reflector is the more efficient, but is also the more critical from 
the standpoint of obtaining uniform illumination. In either case, the 
light from the lamp is directed onto a diffusing screen of opal or 
ground glass, which thereupon becomes the actual source of light il- 
luminating the negative. The problem of securing uniform illumi- 
nation is rendered somewhat simpler if the light source is relatively 
large and diffused, hence the preference for lamps with opal glass bulbs. 
With large negatives, it is frequently necessary to resort to the use of 
diffusing screens of sand-blasted glass heavily blasted in the center and 
gradually diminishing towards the margins in order to obtain uniform 
illumination. 

The brightness of the image under these conditions depends upon: 
(1) the illumination on the diffusing screen, and (2) the angle sub- 
tended by the projection lens at the easel. This in turn depends: (1) 
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on the clear diameter of the objective, and (2) on the scale of enlarge- 
ment (or reduction) increasing with the diameter of the lens aperture 
and decreasing with the scale of enlargement. 

Since, with diffuse reflected illumination, only a small part of the 
light transmitted by the negative is intercepted by the lens, this method 
of illumination is wasteful of light. Through the use of condensing 
lenses, however, it is possible to increase the amount of light passing 
through the lens and thus increase the brightness of the image on the 
easel, thereby reducing the time of exposure—an important considera- 
tion with slow papers, dense negatives or large scale projection. The 
function of the condensing lenses is to image the light source in the 
entrance pupil of the projection lens (Fig. 330) resulting in more effi- 


Fic. 330. Optical System of a Projection Printer with Condensing Lenses. 


cient utilization of the light. The condensing lens system employed 
for projection printing consists of two plano-convex lenses slightly 
greater in diameter than the diagonal of the largest negative and 
‘placed with their convex sides facing. 

When condensing lenses are used without a diffusing medium, the 
maximum efficiency is obtained when the diameter of the light source 
is no greater than that of the aperture of the lens and when the light 
source is located at the point on the optical axis at which its image 
—formed by the condensing lenses—is located at the principal nodal 
plane of the projection lens. If we ignore the exact nodal planes, 
this means that the distances AB and CD (Fig. 330) are conjugate foci 
of the condenser, while the distances ED and DF are conjugate foci 
of the projecting lens. As the degree of enlargement is altered, the 
distances ED and DF will vary according to the laws of conjugate foci 
(See Chapter III). With every variation in-ED: DF there will be a 
corresponding variation in 46:CD, so that in order to keep the image 
of the light source in its proper place at the principal nodal plane of 
the projecting lens, the distance AB must be varied each time the de- 
gree of enlargement is altered. 
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However, if a lamp with an opal glass bulb is used, or a sheet of 
ground or opal glass placed between the light source and the con- 
densing lenses, it is no longer necessary to change the position of the 
light source with every change in the scale of enlargement. This is 
true, however, only within certain limits. A condensing lens system 
which fills the aperture of a projection lens of given focal length, more 
than fills the aperture of a lens of shorter focal length and fails to fill 
that of a lens of longer focal length. Hence, if a projection printer 
is designed for use with lenses of different focal lengths, the maximum 
efficiency will be obtained with each lens only if the position of the 
light source is changed for each lens or if condensers of the proper 
focal length are substituted with each change in the projection lens. 
The latter method is usually followed since it relieves the user of the 
necessity of carefully re-focusing the light whenever the projection 
lens is changed. 

Mercury-vapor arcs and fluorescent lamps, being extended sources, 
require only a suitably designed reflector and a sheet of ground, or 
opal, glass to produce uniform, well-diffused illumination. Sources of 
this type are especially suitable for projection printing equipment de- 
signed for large negatives. 

Negative Illumination and Print Quality.—Adequate diffusion 
of the illumination on the negative is a very important factor in the 
production of prints of good quality. The diffuseness of the illumi- 
nation on the negative affects (1) the contrast of the print obtained 
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Fic. 331, Illustrating the Difference in Loss of Light from Scattering by the 
Densities of the Negative with (Left) Specular and (Right) Diffuse I!lumina- 
tion. (Bentley, British Journal of Photography.) 
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- under given conditions, (2) the graininess of the image, and (3) the 
sharpness with which scratches and similar imperfections as well as 
retouching and any handwork on the negative are brought out in the 
print. 

Fig. 331+ represents the conditions existing when a negative, rep- 
resented by the letters M N M, is projected, at the left with specular 
light from a condensing lens system without diffusion, and at the 
right with diffused illumination. In the first case, the light reaching 
the negative is converging on the projection lens. The rays of light 
incident on the denser parts of the negative, m, are scattered by the 
silver particles. On the other hand, the rays of light incident on the 
portions where there are fewer particles of silver to scatter the light, 
will be transmitted with little or no loss from scatter. Thus, the 
differences in the light absorbed by the densities of the negative are 
increased by the light lost from scattering. With diffuse illumination, 
however, the loss from scatter is more nearly uniform and the density 
differences are not increased as with specular illumination. 


‘PRINT DENSITY 
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LOG EXPOSURE 


Fic. 332. Curves of a Projection Paper Showing the Effect of Variations in the 
Diffuseness of the Illumination on the Shape of the D log E Curves. 


The effect of variations in the diffuseness of the illumination of the 
negative on the contrast of the image is shown in Fig. 332.2 The 
D log E curve, marked 1, was obtained on a given paper with light 
diffused with pot opal glass a short distance from the negative. Curves 


1 Bentley, Brit. J. Phot. Almanac (1931) 169. 
2 Tuttle, J. Opt. Soc. Amer. 24 (1934) 279. 
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2, 3, 4, 5 are for the same paper but with flashed opal glass, glass ground 
on, both sides, ordinary ground glass (ground on one side) and clear 
glass respectively. The step tablet used in this case was on fine grain 
negative material. The use of a coarse grain negative material would 
result in curves with still greater differences. The difference in con- 
trast between curves 1 and 5 is approximately equal to one contrast 
grade of paper.* 

Investigations by Tuttle * indicate that the improvement as regards 
graininess and elimination of scratches and other surface effects is 
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Fie, 333. Curve Showing Relation Between the Diffuseness of the Illumina- 
tion on the Negative and the Relative Graininess of the Projected Print. 


progressive with increasing diffusion up to a diffusion factor of ap- 
proximately 50% (Fig. 333) beyond which the gain is very slight and 
the loss of light and the lower contrast of the image are of more con- 


3 The control of the contrast of the image in projection printing by varying the 
degree of specularity in the illumination on the negative has been discussed by 
Naumann and by Benedict. Naumann, Brit. J. Phot. 84 (1937) 834. Benedict, 
Camera Craft, — (1936) 275. 

4 Tuttle, J. Opt. Soc. Amer, 24 (1934) 279, 
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sequence than the improvement in image quality. In general, as the 
scale of enlargement is increased, the need for a high degree of diffusion 
in illumination increases. 

The Negative Carrier—The negative carrier should (1) hold 
the negative flat, (2) provide for the convenient changing of negatives 
and (3) for the centering of any desired portion of the negative about 
the optical axis of the projection system. With film negatives, the first 
requirement may be met by placing the negative between glass plates. 
The glass, however, is difficult to keep perfectly clean and interference 
patterns (Newton’s rings) are formed if the film and glass are not in 
contact with one another. For this reason, negative carriers in which 
the glass is dispensed with and other means provided for holding the 
negative are much to be preferred. Unfortunately, it is difficult to 
hold negatives in the larger sizes flat except with glass. 

The Projection Lens.—Lenses for projection printing should be 
well corrected for spherical and chromatic aberration and have an anas- 
tigmatic lens field. It is important, moreover, that these corréctions 
be for a plane close to the lens as the lens to image distance is less than 
that for which general-purpose lenses are corrected. (Process lenses 
are an exception. ) 

Much of the better grade apparatus now on the market is fitted with 
lenses designed especially for projection, and projection anastigmats are 
available from several opticians, 
but high grade anastigmatic lenses 
of medium aperture are usually 
adequate. In most cases, it is 
preferable to mount the lens so 
that the rays of light pass through 
it in the same direction as when 
used on a camera. 

Fig. 334 shows a lens front 
which enables the lens to be tilted 
at an angle when the negative 
or the easel is inclined for the purpose of correcting or introducing 
distortion. 

The focal length of the lens required for projection depends upon 


’ Fig. 334. Tilting Lens Front for Use 
on Projection Printer (Elwood). 


BeNDER—Contrast Control in Projection Printing. Phot. Ind. 37 (1939) 
941; Phot. Tech. 2 (1940) March, p. 45. 

RorpDER—Comparison of the Tone-Rendering in Contact-Prints and En- 
largements. Phot. Ind. 37 (1939) 751. 
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the size of the negative to be covered and is usually approximately 
equivalent to, or slightly greater than, the diagonal of the negative. 


Fic. 335. Paper Holder (Easel) for Projection Printing (Albert). 


The focal length of the lens has a bearing also on the equality of illu- 
mination—a lens of very short focal length may result in uneven illu- 
mination. Except for these two 
requirements, the focal length of 
the lens affects only the negative- 
to-lens and the lens-to-easel dis- . 
tances. These are conjugate dis- 
tances and are readily determined 
from the usual formula. 
Focusing.—On projection 
printing apparatus having a 
flexible bellows, focusing is ordi- 


Fic. 336. Paper Holder (Easel) De- narily by rack and pinion. Fre- 


signed to Facilitate the Placing of the quently, both a coarse and a fine 
Paper at an Angle to the Optical Axis 


to Correct or to Introduce Distortion movement ne provided. On ays 
in the Negative Image (Elwood). paratus without a bellows, the 


lens is usually mounted in a 

rotating sleeve and in other examples in a sliding tube actuated by a 
rack and pinion. 

The Easel.—The easel should (1) hold the sensitive paper flat, 

preferably without glass, (2) provide means for inserting and removing 
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the sheet of paper conveniently, (3) have adjustable, accurate blades 
for masking off undesired parts of the image and for producing white 
margins, and (4) provide means for readily determining the size of the 
print and the width of the margin. To correct distortion in the negative 
or to introduce distortion in the print for pictorial purposes, the easel 
should be designed so that it can be conveniently inclined at an angle 
to the optical axis of the lens. A typical easel with masking blades 
which serve also to hold the paper flat and in place is shown in Fig. 335, 
and another specially designed for convenience in using at an angle is 
shown in Fig. 336. 


Fic. 337. Projection Printing Equipment. (Left) Kodak Precision Enlarger, 
(Right) Graflex Variograph Enlarger. 


Projection Printing Equipment.—Two examples of projection 
printers typical of a large number for amateur use with negatives up to 
24, < 314 or 314 X 414 are shown in Fig. 337. These, and most ap- 
paratus of this type, employ condensing lenses for efficient utilization 
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of the light source which is almost invariably an opal glass photo- 
enlarger lamp. Thus, through efficient utilization of the light, long 
exposures or lamps of high wattage are both avoided without sacrificing 
too greatly the diffuseness of illumination which is required for good 
print quality. Projection apparatus of this type ordinarily employs 
metal book-form negative carriers without glass and well corrected pro- 
jection anastigmat lenses at apertures of f/4.5 or even larger. In many 
cases, lenses of different focal length are available for greater con- 
venience with negatives of different sizes and condensing lenses of the 
proper focal length for each lens are provided to avoid the necessity 
of changing the position of the light source when changing from one 
lens to another. In several examples, a tilting negative carrier or lens 
is provided for producing special effects. 


Fic. 338. Projection Printing Equipment. (Eastman Auto-Focus 
Enlarger 5 X 7.) 


An autofocus projection printer of the type widely used by profes- 
sional photographers for negatives up to 5 X 7 inches is shown in Fig. 
338. Equipment of this type is rapid and convenient in use as it re- 
quires no focusing; the arrangements for automatic focusing, however, 
prevent the use of lenses other than that for which the apparatus is 
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designed, and limit somewhat the range of magnification available. In 
the example shown, the range is from 1.5 to 4.0 times. Reductions to 
1 to 2.75 the scale of the original 
are possible with an accessory re- 
ducing attachment. The light 
source is a frosted-tip, clear glass 
lamp in a parabolic shaped reflec- 
tor with a matt-aluminum reflect- 
ing surface. Uniform illumina- 
tion is obtained through the use 
of a sandblast diffusing screen 
placed directly above the nega- 
tive. A sheet of heat absorbing 
glass is used to protect the nega- 
tive and openings around the nega- 
tive carrier and the air duct at 
the top of the reflector provide 
ventilation. 

In Fig. 339 is shown a projec- 
tion printer designed for exacting 
technical requirements with nega- 
tives up to 8 & 10 inches. This ap- 
paratus employs fluorescent lamps 
in a specially designed reflector and 
an opal glass diffusing screen. 
It is exceptionally stable, never- 
theless convenient in operation, 
the raising and lowering of the 
camera as well as focusing being 
accomplished by rotating the hand 
wheels shown directly below the 
easel. Thus, all adjustments for 
scale and focus are conveniently 
made from a position near the 
easel, where the image is in full PREIN BION Projection 


‘ : Printing 
view. Enlargements up to 32 di- Equipment for 8X 10 Negatives 


ameters are possible, with 24 & 36 © (Saltzman). 

mm. negatives and reductions to 

1/20 the size of the original. The lens front and the negative carrier 
may both be tilted for special effects. 
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Factors of Importance in the Selection of Projection Printing 
Apparatus.—In selecting projection printing apparatus, the fol- 
lowing details should receive careful attention : 


1. Uniformity of illumination over the image at all degrees of mag- 
nification from the lowest to the highest. The equality of illumination 
over the picture area may be checked by making direct readings with a 
photo-electric exposure meter—i.e., with the cell facing the lens—on, 
and at various distances from the axis or by making a flash exposure— 
just sufficient to produce a medium gray in the center—on a sheet of 
sensitized paper. Any variation in illumination will be evident as a dif- 
ference in density in the flash-exposed paper. 

2. Adequate ventilation. Ventilation is of importance to the extent 
to which it lessens the danger to negatives from excessive heat. In this 
connection, it should be noted that the important consideration is the 
temperature to which the negative is raised, not the temperature of the 
lamp house. | 

3. Freedom of movement of all moving parts. 

4. Stray light from lamp housing or around negative carrier. This 
may be a source of general fogging with long exposures and is particu- 
larly objectionable when making enlarged negatives, or color separation 
negatives from color transparencies. 

5. Stability. Important items in stability are freedom from vibra- 
tion when adjusting to scale, focusing, or during an exposure. 

6. Quality of the projection lens. Test for sharpness by projecting 
the image of a hair, fine lines cut in lead-foil, or a focusing test plate, 
and studying the image both in the center and at the margins of the 
field with a magnifier. 

7. Range of enlargement or reduction possible. 

8. Accuracy of moving parts; lack of “play” in focusing adjust- 
ments, negative carrier, clamp holding camera in place on upright 
standard, tilting lens front and other adjustments. All moving parts 
should be substantially constructed, conveniently placed for ease of 
operation in the dark. 

9. Quality of electrical equipment. The electrical wiring and fixtures 
should be adequate for the purpose, well insulated and free from danger 
of shock and short circuits. 

10. Exposure speed; i.e., sufficiently rapid to permit of exposures of 
reasonable length under ‘i average conditions. 

The Negative for Projection Printing. Cone ives for enlarging 
should be free from scratches, pinholes, and other physical defects. 
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Very thin and soft negatives are not necessary for enlarging; this being 
a heritage from the days when light sources were much less intense than 
those in general use today. Negatives without undue density in the 
shadow portions are desirable, however, for the photographic negative 
acts as a scattering medium and the scatter of light in the shadow por- 
tions of the negative is a serious obstacle to a good, rich black. Nega- 
tives for projection printing should have rather less contrast than if 
intended for contact printing, since the tendency in enlarging is to in- 
crease contrast.° 

The graininess of the negative is a very important factor. Where 
possible, therefore, fine-grain negative material and suitable processing 
techniques should be employed. In enlarging from small film nega- 
tives, the granularity of the image and defects due to minute scratches 
and abrasions of the film base, or interference of light (Newton’s 
rings), can be reduced by immersing the film during exposure in a 
liquid of approximately the same refractive index as the film base.® 
Suitable liquids for this purpose are glycerine or toluol. A small quan- 
tity of either of these is poured on a piece of clear glass and the nega- 
tive laid down on the layer of liquid so that no air bells are formed. 
More glycerin or toluol is then poured on top of the negative and this 
covered with a sheet of glass; both sides of the film are thus covered 
with the liquid. In this condition, the negative is inserted in the en- 
larger and the exposure made. After the enlargement has been made, 
the film is washed for 15 minutes and dried. 

The larger the degree of enlargement, the smaller is the permissible 
circle of confusion in the negative. If it is assumed that the smallest 
permissible circle of confusion is 1/100 of an inch in the enlargement, 
then the permissible circle of confusion in the negative will be 1/100 
of an inch times the degree of enlargement. Thus, for a six times 
enlargement, the permissible circle of confusion would be 1/600 of 
an inch. For pictorial work, it is, of course, possible in many cases to 
have a circle of confusion in the enlargement greater than 1/100 of an 
inch. In most commercial work, it is doubtful if this limit may be 
safely exceeded, except in posters, photomurals, and other prints nor- 
mally viewed from a distance. 

The greater the degree of enlargement then the greater the necessity 
for well-corrected camera lenses, accurate focus, and precision camera 


5 Callier, Phot. J. 49 (1909) 200. 
6 Hickman, Brit. J. Phot. 74 (1927) 87. 
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and enlarger construction which will allow the definition of the lenses 
to be utilized to the fullest advantage. 

Adjusting the Light Source——When incandescent tungsten 
lamps are employed in reflectors, it is usually necessary to adjust the 
position of the lamp to secure uniform illumination only when setting 
up the equipment or when changing to a lamp of a different size. Once 
this adjustment is made, it does not need to be altered when the degree 
of enlargement is changed. 

With condensing lenses, the position of the light must be altered if 
the scale of enlargement is greatly altered. The negative should first 
be inserted on the carrier and focused roughly to size. The carrier 
should then be removed and the illuminated circle examined. If the 
field appears darker in the center, the light source is too far from the 
condensers and should be moved closer; if the outer margins are 
uniformly darker than the center, the light source is too close and 
should be moved away from the condensing lenses. Colored, or dark, 
crescent-shaped areas on one side are due to the light source being to 
one side of the optical axis. 

When the light source has been adjusted to produce a uniformly 
illuminated field, the negative carrier is re-inserted, the image focused 
sharply, and the exposure made. 

Focusing.—Focusing presents no difficulty with an automatic 
focusing projection printer; the lamp-house is simply moved up or 
down to regulate the size of the image which remains sharp in all 
positions. 

With equipment focused by hand, there are a number of ways of 
obtaining sharp focus. The negative may be inserted in the carrier and 
the image focused roughly to ascertain the proper size. Then insert 
an old negative which has been scratched with a sharp pointed instru- 
ment in the carrier and focus sharply. In some projection printers, 
a focusing object, consisting of two cross lines on a glass plate, is 
fixed on the negative carrier. If projected prints are regularly made 
to certain degrees of enlargement, it is a very simple matter to attach 
to the instrument a scale which will avoid focusing.’ 

Microscopic devices for examining the projected image to determine 
the position of sharp focus are available commercially. 

Exposure.—The exposure may be made (1) by turning the light 
on and off, or (2) by means of a cap or shutter. The first method is 


*A simple method of constructing such a scale has been outlined by Lockett, 
Bitters anoran lea lOZ4enyzale 
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practical only in the case of incandescent electric lamps because gaseous 
conductor tubes require several minutes in which to reach full intensity ; 
with these, as with the electric arc, the exposure must be made with a 
shutter of some kind. A lens cap fitted with a safelight screen, or a 
simple flap shutter, is a decided convenience in placing the paper in 
position or in arranging for shading or other controls in printing. 

The proper exposure, as in contact printing, is usually determined 
by means of test strips. At times, it is difficult to determine the best 
exposure from a test strip since so little of the image is included that 
it is difficult to decide what exposure produces the desired result. In 
such cases, a method .suggested originally by Mente may be found 
useful. An opening is cut in a sheet of opaque cardboard, which is 
placed on the easel so as to expose an important part of the picture. 
One side of the cardboard is attached to the easel with adhesive tape. 
A test strip is then placed beneath the cardboard and moved between 
exposures in order to obtain a series of exposures of the same part of 
the subject on the test strip. 

Another convenient method of varying the exposure in making a 
test strip consists in placing a scale of densities over the paper and 
making an exposure. The densities on the scale are such that, with an 
exposure of 60 seconds, different sections of the print receive exposures 
equivalent to 2, 3, 4, 6, 8, 12, 16, 24, 32 and 48 seconds from which the 
exposure producing the best result may be readily selected. 

The time of exposure is the same, under the same conditions, for a 
contact print as for an enlargement, if the contact print is exposed in 
the same plane as the projected image and with the equipment set for 


ApDAMSoN—An Exposure System for Enlarging. Brit. J. Phot. 73 (1926) 
475. 

Dunn—Practical Method of Estimating Printing Exposures and Contrast 
by Densitometer. Brit. J. Phot. 84 (1937) 37. 

HENDERSON—Finding Exposures in Bromide Enlarging. Brit. J. Phot. 62 
(1915) 448. 

HousKEEPER—Projection Print Exposure: Phot. Tech. 1 (1939) 14. 

Jacoss—Exposure in Artificial Light Enlarging. Amer. Phot. 15 (1921) 
490. 

Kinc—Calculation of Exposures in Enlarging. Brit. J. Phot. 53 (1906) 
188. 

LockEett—The Calculation of Exposures in Daylight Enlarging. Brit. J. 
Phot. 52 (1905) 845. 

SELLors—Method of Calculating Exposures in Enlarging. Brit. J. Phot. 
70 (1923) 349. 
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the required degree of enlargement.$ Consequently, if the apparatus is 
set for an enlargement, the time of exposure may be found by placing 
the negative on the easel and making test exposures. The exposure 
producing a satisfactory contact print will be correct for the projected 
print, if the same paper is used. 


WAY £OR ONE MIMVTE, 
LOOP te CT ERPOSGURE TIME IN 
4 BE REAL DIRECTLY FROM THE BEST APPLAR- 
O% THE ENLARGEMENT. <n. z 


Fic. 340. Print Made with a Kodak Projection Print Scale Used to Determine 
the Proper Exposure. 


Relative Exposure, Scale and Aperture in Enlarging or Reduc- 
ing.—lf the time of exposure under given conditions is known for 
one scale of enlargement or reduction, the exposure required at a 
different scale may be ascertained from the table on page 637. 

This table is designed for use with projection printing apparatus 
employing diffuse illumination and is not intended for use where con- 
densing lenses are used. The relation between the exposure and the 
scale of enlargement with apparatus employing condensers, depends 
upon a number of factors and cannot be conveniently calculated. 

The exposure for a degree of enlargement not shown in the table 
may be determined from the following formula: 


) e+)? By. 
CVG tT) ee 
8 Lockett, Brit. J. Phot. 77 (1930) 743. 
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where F is the unknown exposure, 
E, is the exposure under given conditions, 
M, is the scale of enlargement for which the exposure is known, 
M, the scale of enlargement for which the proper exposure is to 
be found. 


RELATIVE EXPOSURES WHEN ENLARGING (WITHOUT A CONDENSER) 


New Time of enlargement for which exposure is known 
Times of 
Exnlar ge- 
ment 1 14 2 23 3 34 4 5 6 8 10 12 
1 1 ye eee We a eo 2616 | Hal Yel ol Mo 
14 14] 1 Malate) %\_33| Mal i) 36 be 2) 740) Yo 
2 2% | 1%| 1 Van 25) 26 726) Mere Mt Mel io 
24 3 14 | 1 Panacea Fey ae Yeah iol Das 
3 4 g| 1% | 144] 1 Pals | 925-1 d4eele0P6 elt PON le a 
34 5 3 274194) 14) 1 75 Wel We 758 | eA le resins 
a 6 a 3 46 |1% VAN A PEN Ae 
5 9 6 4 3 244 | 134] 1%) 1 34 26 12 A 
6 12 8 5 4 3 246 | 2 14%)1 36 26 24 
8 20 13 9 i 5 4 34 | 244 | 134 | 1 26 16 
10 30" MtOR tis eOMeelga | Gos mt sig ole t PeZok 9 34 
12 42 27 19 14 ial 8 Uf 46 | 3% 1144/1 


To use this table find in the top horizontal line the number of times of enlarge- 
ment for which exposure is known. Under this number the relative time of ex- 
posure for different degrees of enlargement will be found opposite the new times of 
enlargement in first vertical column.—British Journal Almanac 


The chart which follows enables calculations involving exposure, 
lens aperture and scale of enlargement to be made conveniently.® 
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9 Collins, Brit. J. Phot. 70 (1923) 31. 
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In the general problem of exposure, there are three factors which 
may all vary; these are: the size of the picture, the aperture of the lens, 
and the duration of the exposure. Any two being known, the other can 
be found. The following scales provide a means of making these 
calculations. From Chart I is read the alteration in the f number 
required when varying the size of reproduction to obtain the same 
exposure. In Chart II, C and D show the mutual relation of size and 
exposure if the same f number is retained, and scales E and D connect 
the f number and the exposure when it is necessary to change either 
without varying the size. 

To find the proper diaphragm when it is desired to alter the size of 
reproduction, but not the exposure, using Chart I, run the edge of a 
ruler from the size of the image to the aperture used. Mark the posi- 
tion at which the ruler cuts the index line. From this position, run 
the ruler to the new size of reproduction. The other end of the ruler 
cuts the aperture scale at the proper aperture to employ. 

To determine the time of exposure with the same aperture for another 
degree of reproduction, scales C and D of Chart II are used. The 
straight edge is applied to the scales to cut scale C at the size of image 
for which the proper exposure is known and scale D at the time of 
exposure. Mark on the index line the point of intersection as before 
and join this point to the corresponding size of image on scale C. The 
other end of the ruler will then cut the scale D at the proper time of 
exposure for the new size of reproduction. 

The aperture required for any given exposure when that for a par- 
ticular is known may be calculated from scales D and E. With the 
edge of a ruler, join the aperture on scale E with the corresponding 
exposure on D, From the point of intersection with the index line, 
transfer the ruler so that it passes through the exposure required on 
scale D. Then the other end cuts scale E at the proper aperture to use. 

Introducing Clouds in Projected Prints.—In the case of land- 
scape negatives with a bald-headed sky, it is often possible to. improve 
the pictorial effect considerably by printing in clouds from another 
negative. While there are several ways of doing this, the method to 
be described is as satisfactory as any and is perhaps the most generally 
useful. The image of the landscape negative is first focused on a sheet 
of thin cardboard placed on the easel. On this sheet of cardboard, the 
outline of the sky line is traced with a soft pencil. The cardboard is 
now removed and cut along the pencil line. The upper piece will serve 
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to mask the sky portion while making the exposure for the landscape ; 
the lower portion masks the landscape while the cloud is being printed. 

This much done, the bromide paper is placed in position and the 
proper exposure given for the landscape portion, masking the sky 
portion by the sheet of cardboard. It is not often that the sky portion 
requires any masking, but when it does, the appropriate mask is held 
close in front of the bromide paper and kept in slight up-and-down 
movement with the cut-out outline in close register with the image. 
Now replace the orange cap on the lens and trace the outline of the 
sky lightly on the bromide paper with a soft lead pencil. Then, with- 
out moving the paper, the landscape negative is replaced with the cloud 
negative and the latter so adjusted as to secure the clouds in the desired 
position. Next the other mask is brought in in such a position as to 
cover the landscape portion and make the exposure for the clouds, 
keeping the mask moving up and down as before. 

If the proper times of exposure for the two negatives have been 
accurately determined by exposing pairs of test strips and developing 
the two together for the same time, this procedure should result in a 
satisfactory effect. 

Of the aesthetic factors in the combination of landscape and sky 
from separate negatives, it is not within the province of this work to 
speak. The worker’s sense of the aesthetic and his knowledge of 
nature must ever be on guard in combination printing in order that 
the result be true to nature and satisfactory to the artistic sense. 

Control in Projection Printing —Much may be done to improve 
the print by judicious shading during the exposure. Shading may be 
utilized both for “holding back,” i.e., making lighter, or for “printing 
in,’ i.e., making darker. The methods employed are essentially the 
same. 
“Printing in’? is accomplished by means of opaque cards with an 
opening of suitable size and shape held between the lens and the image. 
The nearer the card to the easel, the smaller the area covered and the 
sharper is the image. Hence, for “printing in” small areas where the 
light must be sharply confined, a small opening held near the image 
will be used. For printing in larger areas, the same opening can be 
used and the card moved back unless it is necessary to shade closely to 
a line, in which case it is better to use a larger opening nearer the image. 
The shape of the opening varies with that of the area to be printed in 
if the entire area is to be uniformly printed in Large areas, however, 
frequently necessitate local work requiring a smaller opening. 
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The shape of the opening may be altered in many cases to conform 
with the subject by inserting one or more fingers in the opening in 
such a way as to make it the desired shape. 

Any portions of the image which require lightening may be held 
back by shading, during a part of the exposure, with a piece of card- 
board or, if small, a piece of cotton attached to a small wire. This 
should, of course, be kept in motion during the exposure. The sharper 
the edge of the area to be shaded, the nearer the card should be to the 
sensitive paper. 

Where an area with a definite edge is to be held back, or printed in, 
the surrounding area may be protected by a mask cut in a sheet of 
paper sufficiently opaque to prevent any material exposure of the sensi- 
tive paper beneath. If this mask is laid in contact with the paper, the 
edge must be smoothly cut and follow the outlines of the area exactly. 
Since this is difficult, it is better to support the mask by a sheet of 
good quality glass, placed several inches above the sensitive paper, so 
that the shadow of the mask on the sensitive paper is slightly diffused. 
The mask may be prepared readily by placing a light yellow non- 
actinic paper on the glass, sketching in the area to be printed with a 
lead pencil, and then cutting it out with a sharp knife. 

Diffusion of the Image in Projection Printing.—It should be 
noted at the start that the diffusion produced by the methods about to 
be described, while frequently an improvement, is quite different from 
that produced with soft-focus lenses, or other means of producing a 
diffused image in the making of the negative. Diffusion introduced 
in the making of an enlargement is more or less general for all parts 
of the image, while that introduced in the original negative varies with 
the different planes of the subject. Moreover, when diffusion is intro- 
duced in the negative, a light halo around the highlights of the subject 
spreads into the adjacent shadow portions, producing an effect which 
corresponds more nearly to the visual impression than the reverse 
effect, namely, a dark halo extending into the highlight areas, which is 
characteristic of the diffusion introduced in projection. 

There are several methods of diffusing the image in projection 
printing: 


1. The use of a soft-focus lens. The amount of diffusion is con- 
trolled by the diaphragm. 

2. Diffusion disks. Disks of ribbed glass, or perforated celluloid, 
for use over the lens are available commercially, usually in several 
series to produce different amounts of diffusion. The amount of dif- 
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fusion may be varied still further by making a part of the exposure 
with the diffusion disk and the remainder without. 

Extra thin black chiffon or tulle placed in a cap over the lens produces 
similar results, but the time of exposure is increased and the contrast 
of the image reduced. White material reduces the contrast of the 
image to a greater degree than grey or black. One or more thicknesses 
may be used according to the degree of diffusion required. 

3. Diffusion screens placed near the sensitive paper. Screens of 
silk bolting cloth placed in contact with, or an inch or so from, the 
sensitive paper are favored by many workers. The silk bolting cloth 
used for this purpose can be obtained from dealers in photographic 
supplies in a fine or medium mesh and must be kept free from creases. 
Wooden frames may be used for this purpose, or the cloth may be 
attached to a sheet of glass, using adhesive tape along the edges. When 
placed in contact with, or very close to, the paper, the lines show, pro- 
ducing a screen effect. A general softening of both definition and 
contrast is obtained when the screen is placed a short distance from 
the paper. The degree of difusion may be varied by altering the 
distance between the screen and the paper, or by making a part of the 
exposure without the screen. 

Enlarging from Wet Negatives.—It is a very common practice 
among press photographers to enlarge from wet negatives in order to 
save the time required for drying. The wet film, after it has been 
washed briefly, is sandwiched between glasses under water, the outside 
of the glass is cleaned with a dry, lintless cloth, and the enlargement . 
made. A special wet-film holder is supplied by the Eastman Kodak 
Company for use with the Eastman Auto-Focus Enlarger. The book- 
type, glassless negative carrier now common on projection printing 
apparatus, functions quite well with wet negatives if the metal parts 
do not become too hot. If there is any danger of the wet film soften- 
ing from the heat, it should be placed in a 5% solution of formaldehyde 
for three or four minutes. 

Correction of Distortion in Projection Printing—The conver- 
gence of parallel lines—produced, for example, when tilting the camera 
to secure the whole of a tall building without adjusting the swing back 
of the camera to a vertical position—may be corrected in a measure when 
making a projected print. If the easel is inclined to the proper angle, 
the converging lines in the negative will be made parallel and the 
correct relationship between the width and the height of the building 
will be established. (The same result will be obtained if the projection 


642 oo CONTACT AND PROJECTION PRINTING 


apparatus is placed at an angle to the easel.) The disadvantage in 
this method is that a small lens aperture is usually required to get the 
entire image in focus. If the negative carrier is adjustable, it is possi- 
ble by placing it and the easel at the proper angles to one another, to 
correct converging lines in the 
subject without having to use a 
small lens aperture to secure sharp 
focus over the whole of the image. 

In Fig. 341, the easel and the 
negative are inclined through the 
angles @ and ¢. The geometrical 
condition necessary for sharp 
focus over the image is that the 
planes of both easel and negative 
meet in a plane drawn through 
the optical center of the lens and 
prependicular to its optical axis. 
Thus tan 6==m tan ¢, OE be- 


Angles of Inclination of the Paper and Bis CE eile! 05 RIS Es 
the Negative when Inclined for the Cor- the scale of enlargement. In 
rection of Distortion. other words, the angular inclina- 

tion of the easel is equal to that 
of the negative multiplied by the scale of enlargement. In practice, 
matters are simplified by first inclining the easel until converging 
lines are approximately parallel, and then inclining the negative until 
the image is’ sharp. 

However, if both negative and easel are inclined to permit the use of 
the lens at a large relative aperture, the height of the building, or other 
object, is reduced. In other words, the distance between the vertical 
lines which have been made parallel is relatively greater than their 
height. The vertical dimension of the image is therefore compressed 
in the process. Very often, this is so slight as to be of no real im- 
portance. At other times, it may even be an advantage. In some 
cases, however, it is objectionable. When this is found to be true, the 
simplest procedure, when it can be done, is to incline only the easel. 
With a lens of the proper focal length, it is possible to incline both the 
negative and the easel without compressing the image in either dimen- 


Fic. 341. Illustrating the Relative 


sion. The focal length of the lens required depends upon the degree 
of enlargement and the angular inclination necessary to render converg- 
ing lines parallel. 
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The distortion produced by inclining the easel and/or the negative, 
may be used also to alter the proportions of the image as, for example, 
to increase the height of a tree, a building, or a standing figure. The 
elongated figures demanded for fashion illustration may be produced 
in this manner. Grotesque effects are produced if the process is carried 
to extremes; a small amount of such distortion, however, in some cases 
adds to the effectiveness of the picture. 


BurcHatt—Rectification without Enlargement. Brit. J. Phot. 82 (1935) 
741. 

CHARLES—Can Converging Verticals be Made Correct? Brit. J. Phot. 84 
(1937) 243. 

GRANGER—An Easy Practical Method of Rectifying Converging Perpen- 
diculars in Architectural Subjects. American Annual of Photography 
Bl CUR). 2210). 

Rosinson—Distortion in Correcting Verticals. Brit. J. Phot. 84 (1937) 
343. 

Wricut—Correcting Verticals by Enlargement. Brit. J. Phot. 83 (1936) 
431. 

SmEeTHURStT—Enlarging Exposure Factors Required with an Opal Lamp 
and Condenser as Illuminant. Brit. J. Phot. 85 (1938) 483; Exposure 
Factors in Projection Printing with Condenser. Ibid. 

Dunn—Factors in Enlarging. Brit. J. Phot. 85 (1938) 99, 115. 

Lrer—Rectification of A Negative Made on An Inclined Plate. Phot. J. 82 
(1942) 74. 


GHAPTER XXIV 
TONING OF DEVELOPED SILVER IMAGES 


Introduction.—The process by which the color of a print, or 
transparency, is changed through the replacement of the silver image 
with one consisting of a metallic compound or a dye is known as toning. 
Compounds of sulfur, iron, copper, lead, gold, uranium, tin, selenium 
vanadium and cobalt are used but the first mentioned is by far the 
most important. Dye toning processes are reserved almost exclusively 
for transparencies. Representative formulae and instructions for ton- 
ing with these substances will be given in this chapter; for additional 
information on toning, reference should be made to the bibliography. 

Sulfur Processes—The Print.—The color obtained upon ton- 
ing depends in part upon the process but more particularly upon the 
emulsion and the exposure and development of the black and white 
image. 

The smaller the average grain size of the developed image the 
warmer or more yellowish the color of the image after toning. Chloro- 
bromide and chloride papers tend to produce warmer tones than those 
coated with an emulsion of silver bromide. 

Although numerous statements to the contrary may be found in the 
literature, the particular developing agent employed has little effect on 
the color of the toned image. Development in solutions heavily re- 
strained with a soluble bromide, however, result in warmer, i.e., more 
yellowish, colors, due to the finer grain of the reduced silver deposit. 

The time of development is, with any particular paper and develop- 
ing solution, a very important factor in determining the color of the 
toned image. Shortening the time of development results in warmer 
colors; lengthened development in colder, more purplish tones; the 
limit being reached upon development to finality. 


Developing Time 


Less Greater 
warmer colors<— | >colder colors 


Particle Size 
Small< | ——> Large 
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With a given time, or degree of development, exposure is without 
effect on the color of the toned image and controls the depth or intensity 
only. 

In practice, therefore, the color of the image with any particular 
paper and developer may be controlled within certain limits, by varia- 
tion (1) of the amount of soluble bromide in the developer and (2) 
the time of development. 

When developing for a fixed time, the developer should be renewed 
frequently or the accumulated bromides and restraining by-products 
of the reaction will affect the color of the image when toned. The 
variation in color due to differences in the composition of the developer 
and the time of development is more marked in the toned than in the 
black image. 

Prints intended for toning should be slightly darker than those to 
be left in their original state in order to allow for the reduction in 
depth which occurs in toning. 

Hypo-Alum Process of Sulfur Toning.—The hypo-alum toning 
bath is prepared by dissolving ordinary alum (potassium aluminum 
sulfate) in a hot solution of hypo. 

The reactions taking place when toning in a solution of hypo and 
alum may be represented as follows: * ? 


Als(SOx4)3 +- 3Na2S.03 — Al2(S203)3 +. 3Na2SOu, 
Ale(S2O03)3 + 3H20 = Al.(OH)3 + 3SO2 + 3S, 
or 
Al2(SOu.)3 +4 3H.O aS Al.(OH)3 -+ 3H2SOu, 
NaS.Oz a H,.SO, = Na2SO3 + SO. -+- Ss 
and 
A bath consisting of hypo and alum alone has a solvent action on 
finely divided silver causing the image to be bleached in the process of 
toning, hence the bath is first “ripened” through the addition of silver 
either as silver nitrate or by toning waste prints. 
The following forms a satisfactory hypo-alum toning bath. 


Coldewaterterr ri Ore et tee seis 2800.0 cc. 90 oz. 
Sodium™mlirosuliateu(kly,po) saaseee cee erececee 480.0 gm. 16 oz. 


1 Seyewetz and Chicandard, Eder’s Jahrbuch 10 (1896) 488. 
2 Sheppard, Photography as a Scientific Implement, p. 167. 


NitzeE—Paper, Developer and Bleach in Sulphide Toning. Brit. J. Phot. 
79 (1932) 486-487, 
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Dissolve thoroughly, then add the following solution: 


Hotawatem about 1G021he) i (lic: @>) mere er ern: 640.0 cc. 20 oz. 
ioasstunnn Nore (8, 1S; CO parccucscnoncowoone 120.0 gm. 4 oz. 


Then add the following solution (including precipitate) slowly to 
the above hypo-alum solution while stirring the latter rapidly.? 


Cold! waters 2 2AM Ge «clin aetna hie acne 64.0 cc. 2 02. 
SilverseNitraten(@rystals)l(Eke@nGo.)pn ee ann 4.2 gm. 60 gr. 
Sodium! Chiloridel(@abletsale) erst eee 4.2 gm. 60 gr. 
After combining above solutions, add water to 

MAKES hey aid Peele ire ea hee he 4.0 liters 1 gal. 


Note: The silver nitrate should be dissolved completely before add- 
ing the sodium chloride, and immediately afterwards the solution, in- 
cluding the milky white precipitate, should be added to the hypo-alum 
solution as directed. 

For use, pour into a tray standing in a water bath and heat the 
toning bath to 120° F. (49° C.). Never use the bath if the tempera- 
ture is above 120° F. (49° C.) or blisters and stains will result. 
Prints will tone in 12 to 15 minutes depending upon the grade of paper. 
Toning should not be continued longer than 20 minutes at 120° F. 
(4A95RGs) : 

The formation of a black or gray precipitate in the bath in no way 
impairs the toning action of the bath if proper manipulation technic 
is used. 

Prints should be immersed thoroughly and separated occasionally, 
especially during the first few minutes, to insure even toning. The 
black prints should be a shade dark and developed from 114 to 2 min- 
utes without forcing, to produce good sepia tones. After prints are 
toned, sponge off any sediment in warm water and wash for one hour 
in running water. Dry prints should be soaked thoroughly in water 
before toning. 

The time required for toning may be reduced by placing the fixed 
and washed prints in a 10% solution of sulfuric acid (commercial) for 
one minute and then transferring directly to the toning bath. Toning 
then proceeds rapidly. 


3 The addition of ammonia, sodium phosphate or potassium iodide- is sometimes 
recommended. Ammonia: Brit. J. Phot. 68 (1921) 773; 70 (1923) 570. Sodium 
phosphate: Brit. J. Phot. 51 (1904) 1022. Potassium iodide: Brit. J. Phot. 67 
(1920) 437. 

£ Brit. J. Phot. 69 (1922) 126. 
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The addition of gold chloride results in darker and colder (more 
purplish) colors. The toned image in this case consists of gold sulfide 
and silver sulfide, the latter predominating. 

The following is a satisfactory formula for a hypo-alum-gold ton- 
ing bath: 


Solution No. 1 


Watmt water (about don be), (O27 @y)me ne 4.0 liters 1 gal. 
Sodiumuslhiosultates (iyo) seaetannann matt anion 960.0 gm. Palins 
ANoobONO TIM VA TWUNENED, Hn eon p oh ba noe he ood h oe 120.0 gm. 4 oz. 


Dissolve the hypo completely before adding the ammonium persul- 
fate. Stir the bath vigorously while adding the ammonium persulfate. 
If the bath does not turn milky, increase the temperature until it does. 

Prepare the following solution and add it, including precipitate, 
slowly to the hypo-persulfate solution while stirring the latter rapidly. 
The bath must be cool when these solutions are combined. 


Goldiwatersin rissa ee ate ate hi Owain, ieee! 64.0 cc. DO. 
SilverNitrates(Crystals)a( Bake Cole ae. nn ae 5.2 gm. US bie 
Sodium'C@hlorider@lbabletsalt)meremessnc) te peers 5.2) gam 75 gr. 


Note: The silver nitrate should be dissolved completely before add- 
ing the sodium chloride. 


Stock Solution No. 2 


Gold) Chloride. uc ame rotting. teats St hh 1.0 gm. 15 gr. 


For use, add 4 ounces (125 cc.) of solution No. 2 slowly to solution 
No. 1 while stirring the latter rapidly. The bath should not be used 
until it has become cold and has formed a sediment. Then pour off 
the clear liquid for use. Pour the clear solution into a tray standing 
in a water bath and heat to 110° F. (43° C.). The temperature, when 
toning, should be between 100° and 110° F. (38° and 43° C.). Dry 
prints should be soaked thoroughly in water before toning. 

Keep at hand a black-and-white print for comparison during toning. 
Prints should be separated at all times to insure even toning. When 
the desired tone is obtained, rinse the prints in cold water. After all 
have been toned, return them to the fixing bath for five-minutes, then 
wash for one hour in running water. 

The bath should be revived at intervals by the addition of gold solu- 
tion No. 2. The quantity to be added will depend upon the number 
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of prints toned and the time of toning. For example, when toning to 
a warm brown, add 1 dram (4 cc.) of gold solution after each fifty 
8 X 10 inch prints or their equivalent per gallon (4 liters) have been 
toned. Fresh solution may be added from time to time to keep the 
bath up to the proper volume. 

Sulfur Toning with Acid Hypo.—When an acid is added to a 
solution of hypo, the latter is decomposed, one of the products of the 
reaction being finely divided sulfur. This reacts with the metallic 
silver of the image to form silver sulfide. A number of toning proc- 
esses based upon this principle have been published. They are how- 
ever but little used.° Toning is not completed within the bath itself 
but only after washing for thirty’ minutes to one hour to allow suf- 
ficient time for the colloidal sulfur to react with the silver image.® 

Sulfur Toning with the Polysulfides—A cheap and simple 
method of sulfur toning and one which produces acceptable results on 
many emulsions consists in the use of a polysulfide, or the inexpensive 
liver of sulfur, a mixture of potassium sulfide and potassium sulfate 
which usually contains impurities in the form of potassium carbonate 
and potassium hyposulfite. 

The action of the polysulfide on finely divided metallic silver is 
probably as follows: * 


S + H.O — H.S + O, 
Age teen Ag.O, 
Ag2O aa H.S = Ages + H.O. 


Using liver of sulfur the following formula is satisfactory: 


siver ofisulitirwwy-ey. an. eer 125 gm V4 oz 
FR DOs PSA. AA OA hs oes ee: 25 gm V4 oz 
Wiaiter ito. Sane ae a) ane ORR ete 1000 cc. QONNOz 


Use at a temperature from 80° to 90° F. (27° to 32° C.). Toning 
requires from 10 to 15 minutes but the final color becomes apparent only 
upon washing for several minutes. 

Since the actual toning agent is the polysulfide contained in the liver 
of sulfur it is plain that this may be used. It may be prepared by dis- 
solving pure sulfur in commercial ammonium sulfide until a saturated 


5 Lumiére, A. and L. and Seyewetz, Brit. J. Phot. 59 (1912) 972. Soar, Brit. J. 
Phot. 60 (1913) 156, 185. Hoell, Eastman Research Laboratory, Brit. J. Phot. 69 
(1922) 73. Meuser, Phot. Ind. (1916) 19; Eder’s Jahrbuch 29 (1915) 408. 

6 Rawling, Phot. J. 62 (1922) 3. 

7 Lumiére, A, and L, and Seyewetz, Brit. J. Phot. 70 (1923) 733, 
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solution is produced and then withdrawing the clear solution for use. 
For toning, from 10 to 15 drops are added to 10 ounces of water (2 cc. 
to 1000 cc.) and heated to a temperature of 85° to 90° F. (30° to 32° 
C.). Toning proceeds rapidly and is usually complete in 10 to 15 
minutes.® 

The addition of 2% of potassium thiocyanate increases the rate of 
toning but has little effect on the color, which however tends to purple.® 

Direct Sulfiding Baths Employing an Oxidizing Agent.—Proc- 
esses of this type depend upon the use of an oxidizing agent which 
converts the silver image into a salt which is immediately attacked by 
the sulfiding agent and converted into silver sulfides. 

A number of agents have been employed for this purpose, among 
them ammonium thiocyanate,’® potassium ferricyanide alone and in 
conjunction with potassium bromide ™ and nitrobenzene.” 

The following formula utilizing ammonium thiocyanate produces 
on many papers a tone similar to that obtained by gold toning of print- 
out papers: 


A. Ammonium thiocyanate ............ 455 gm. eZ 
Wa temitomevenere beeen ane eet 1000 cc. 16° oz. 
Bar Soddumesuliid eure eee eee 152 gm. 224 oz. 
NENUS OREO, Su sycke os Auta COO RA ree eR 1000 cc. LGN OZ 


The toning solution is prepared by mixing directly before use 


ge Ne oe tk 2 ope 80: eres CRE INE ECE Oo 8 parts 
Wie liste copier Pete Cerny. h. ea oie 24 parts 
YB SPE, Bare tard ote one © enon Oe Ie ae 1 part 


Toning requires from 15 to 40 minutes at a temperature of 70° to 
SOS (232 10.27 4 Coser tolomiinutes at 90° to L00"-Es (33° to 387 
C.). A higher temperature is not advisable owing to the action of the 
sulfocyanide on the gelatin. 

Using nitrobenzene a suitable formula is: ** 


Bariumisultide (Gaturatedisolution) pete sae es aac seeee 15 parts 
Sodium meta-nitrobenzene sulfonate (10% solution)........... 1 part 


8 Underberg, Brit. J. Phot. 71 (1924) 50. 

® Bullock, Brit. J. Phot. 68 (1921) 450. 

10 Punnett, Brit. J. Phot. 56 (1909) 571. Potassium persulfate. Kropf, Brit. 
J. Phot. 57 (1910) 837. 

11 Triepel, Brit. J. Phot. 58 (1911) 657. Mente, Eder’s Jahrbuch 26 (1912) 507. 
Blake-Smith, Brit. J. Phot. 57 (1910) 520. 

12 Shaw, Brit. J. Phot. 70 (1923) 267, 591. 

13 Shaw, Brit. J. Phot. 70 (1923) 759. 
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Prints immersed in this solution tone to a good sepia within 3 to 5 
minutes at a temperature of 60° F. (16° C.). The color varies 
greatly, however, with the paper. 

The reaction taking place, according to Sheppard,’* is as follows: 


CsH;NO. + 4Ag + 2NaSH = C.Hs.NH.ONa + NaOH + 2Ag3S. 


Indirect Processes of Sulfur Toning.—In the indirect process 
of sulfur toning the fixed and washed prints are first bleached in a 
solution of an oxidizing agent which converts the silver of the image 
into a compound which is capable of being converted into silver sulfide 
when the print is placed in a suitable sulfiding bath. 

The color obtained with the indirect method of sulfur toning tends 
to be more yellowish than that produced by the direct processes which 
are on this account the more generally suitable for chloride papers. 
The indirect process, however, is especially. well adapted to bromide 
papers which in many cases tend to produce a cold and rather purplish 
color when toned in the hypo-alum bath or by one of the other proc- 
esses of direct sulfur toning. As with the other processes the color 
obtained depends primarily upon the paper and exposure and develop- 
ment of the print rather than on toning, although certain changes in the 
procedure (to be noticed later) do influence the final color. 

Prints for toning by the indirect process should be thoroughly fixed 
and washed. Incomplete fixation results in discoloration of the whites 
from the conversion of the silver salts left in the print into silver 
sulfide.”* 

Thorough washing is essential since traces of hypo remaining in the 
print combine with the oxidizing agents used in the bleacher forming 
a reducer. 

The commonest bleaching solution consists of potassium ferricyanide 
and potassium bromide; however, many other oxidizing agents may 


14 Brit. J. Phot. 70 (1923) 679. 
15 Lumiére and Seyewetz, Brit. J. Phot. 70 (1923) 732. 


BAcKsTRoM AND BostroM—The Influence of the Bleaching Bath on the 
Colour Obtained in the Indirect Sulphide-Toning Process. Phot. J. 
76 (1936) 607. 

JettEyY—A Cause of Yellowness in Sepia Toning. Phot. J. 72 (1932) 
480-485. 

Morris—Stains in Sulphide Toning. Brit. J. Phot. 80 (1933) 127. 

W1EGLEB—Methods of Sulphite Toning. Brit. J. Phot. 76 (1929) 344-346, 
363-365, 375-377. 
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be used, namely, potassium or ammonium bichromate,!® chromic acid, 
potassium permanganate,‘7 ammonium persulfate, hypochlorite, and 
quinone.'® 

The reactions which take place in the case of a bleaching bath com- 
posed of potassium ferricyanide and bromide are probably as follows: 


Bleaching 
(1) 4Ag + 4K3Fe(CN). = 3KyFe(CN)5 + AguFe(CN)e, 
(2) AgsFe(CN)¢ + 4KBr = K4Fe(CN). + 4AgBr. 
Sulfiding 
2AgBr + NaeS = AgeS + 2NaBr.!9 


Slight, but relatively unimportant, differences in the color of the 
toned image result from variations in the composition of the bleaching 
solution.” Bleaching baths containing a bichromate are not widely 
used because of the time required in washing but the color apparently 
varies less with differences in exposure and development than when 
the more familiar ferricyanide-bromide bleacher is used. A solution 
of potassium ferricyanide alone results in a more yellowish color than 
when the bleaching solution contains bromide. With a ratio of 3:1 
for the ferricyanide and bromide, increasing the concentration of the 
former above 3% tends to yellowness. The substitution of a chloride 
for bromide also results in more yellowish colors. Substituting 0.1% 
of potassium thiocyanate for the bromide results, with some papers, 
in a purplish color and slight reduction of the image.*4 

The following is a suitable formula for the bleaching solution: 


ATminoniuia DEOMmid ema arate: 11 gm. 85 ef. 
Ol LOtassiliMED TOG cane tee ana nse te 13 gm. 98 er. 

iRotasstamuetentigyanid Camere ee eee 35 gm. 270 gr. 

Waterito.makems Ata somes eee. « 1000 ce. 16 oz. 


The addition of sodium carbonate avoids yellowish colors. 


Potassium bromicdenae restr ane ee 15 gm. 65.6 gr. 
Potassium ferricyanide... /.40.4-5) Si) fen 153.0 gr. 
Sodium carbonate (des.)...... a Gear eeee 7.5m. 32.8 er. 
Wratetatosnnake xracwa-ve erin raat eee 1000 cc. 10.0 oz. 


16 Brit. J. Phot. 56 (1909) 233; 64 (1917) 173. 

17 Brit. J. Phot. 63 (1916) 659; 62 (1915) 353. 

18 Lumiére and Seyewetz, Bull. Soc. frang. Phot. 62 (1920) 267. 

19 Carnegie, Brit. J. Phot. 53 (1906) 219, 947. Jelley, Phot. J. 72 (1932) 480. 
20 Bullock, Brit. J. Phot. 68 (1921) 447. 

21 Bullock, Brit. J. Phot. 68 (1921) 447. 
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Sulfiding—Sodium sulfide is generally used for this purpose al- 
though sulfur and other sulfur compounds may be used, namely, the cor- 
responding barium and ammonium sulfides,” sodium sulfantiomoniate 
(Na,SbS,.9H,O),?? sulfoxyphosphates such as Na,SPO,,”* sodium 
sulfoxalate formaldehyde, NaHSO,.CH,O.2H,O,?> and thiomolyb- 
dates, thiotungstates, thiostannates and similar thio compounds.”® 

Only pure sodium sulfide should be used and it should be fresh as 
it oxidizes readily forming caustic soda and hypo. The weakening of 
the sulfiding bath resulting from the use of impure sodium sulfide, an 
oxidized solution, or the presence of hypo results in yellowish tones. 
The caustic soda leads to softening of the gelatin and is a source of 


blisters. 


Sodiumisulfidettannmer estore ra eather 1 gm. 8 gr. 
Eivdrochloricsacidhee tartan renner tier 1 gm. 8 er. 
Wateritostrnee ear eee See eee . 1000 ce. 16 oz. 


The odor of the barium salt is less objectionable than that of sodiym 
sulfide, but insoluble carbonates and sulfates of barium are precipitated 
in the gelatin unless distilled water is used. The use of sodium sul- 
fantimoniate (Schlippe’s salt) results in an image consisting probably 
of some antimony sulfide as well as silver sulfide and colors ranging 
from an orange-red to much colder colors by the addition of ammonia.*7 

A tendency towards yellowish brown tones noticeable on certain pa- 
pers (warm tone) may be avoided by placing the bleached and well 
washed prints for 15 to 20 seconds in a 1% solution of sodium carbo- 
nate, rinsing and then sulfiding.** *° 

Another method, involving partial redevelopment of the image com- 
bined with sulfiding, consists in the use of a pyrocatechin developer 
with the addition of sodium sulfantimoniate (Na,SbS,.9H,O). The 
bleached and well washed prints are redeveloped in: 


A. Py FoCatechiiniery greene herrea 20 gm. 15S gr 
Sodfumbenulftter(dess) nesta ee 50 gm. 385 gr. 
Waterstonmake sary .mcendcie eee iie 1000 ce. 16 oz. 

Be sodium carbonates (deso)re ae eeeee 85 gm. 650 er. 
Water itounialkewarmr paerieie acer 1000 ce. 16 oz. 


22 Namias, Brit. J. Phot. 58 (1911) 324. Brit. J. Phot. 54 (1907) 523. 
23 Blake-Smith, Phot. 12 (1904) 30. 

24 Lumiere, FP. 507,332:)Sct. et Ind, Phot. Series 1, 1.1921), 4: 

25 Miller, Phot. Ind. (1925) 1064. 

26 Smith, Phot. J. 48 (1908) 267. 

27 Sedlaczek, Brit. J. Phot. 53 (1906) 624, 645. 

28 Jelley, Phot. J. 72 (1932) 480. 

29 Bullock, Brit. J. Phot. 68 (1921) 447. 
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For use take 1 part A to 2 parts of B and add from 2 to 5% of a 
10% solution of sodium sulfantimoniate. The color of the image may 
be regulated by varying the amount of sulfantimoniate in the redevel- 
oper. Colors from red-chalk to a good sepia are obtainable on most 
papers.®° 

Gold Toning.—Gold toning has become quite popular in recent , 
years and is certainly effective for subjects for which a cold blue or 
purplish-blue color is suitable. 

The following is a good formula: *+ 


ane Goldt chlorid exer niee ie emesis ti i Sem: 10 gr. 
Water to.makenn cence tA hysad seein: 300 ce. 6 07. 
Bmihiocarbainid essen eet rr eter 1.6 gm. 15 gr. 
Watertormalce ms ets te econ ccaw : S00) ee, 6 oz. 
Cx Citriccactd aa tr vee ea a Brot 7.5 gm. 65 er. 
Watenstonmallcentr <a eer oe 300 cc 6 oz 


7 WR helen tail cs. RAN te acre 1 part 
Water damre ete ci kite ak ie ties 6.2 Shs 
DBS wets Oa 8 PRS? on aca EER eae a fee 
MYERS) oar eracittite each. aA r en 1s eae ee Smee 
COR ee eee ae WN gtd ec AoW ie 
AYER ECS see NE tre ie 28 ee oa ya Sula: 


Finally mix the three solutions. 

Gold Toning of Sulfided Prints.—Red colored images may be 
obtained by gold toning of the sulfide toned print. The gold toning 
bath is prepared as above. The sulfided and washed prints are placed 
in this bath and kept in motion to prevent uneven action. Toning re- 
quires from 15 to 25 minutes depending upon the paper and the color 
desired. The brown color of the sulfur toned print first assumes a 
reddish color and gradually approaches a pure red. 

After toning the prints are washed for 2 to 3 minutes and fixed for 
5 minutes in a fresh acid fixing bath, then well washed and dried.*? 

The gold toned image appears to consist of a double sulfide of silver 


and gold.** 


30 Valenta, Phot. Korr. 49 (1912) 279. 

31 Wiegleb, Brit. J. Phot. 76 (1929) 377. 

82 With developed silver images the above gold toning bath produces a blue- 
black deposit. Gold toning may be beneficial in such cases if the original print 
is slightly muddy or greenish in color. 

33 Lumiere and Seyewetz, Brit. J. Phot. 70 (1923) 331. 
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Reduction of Sulfide Toned Images.—If the print is too dark 
after toning it may be reduced by placing it for a few seconds in ** 


Cupsicabromide cuss ter ree 30 gm. DIO exe 
Sodiumuchl oridex(Galt)earresaeee cere 250 gm. 4% oz. 
Wateritovmakes wnonercirrr orrae 1000 cc. NOMNROZ: 


Toning with Stannous (Tin) Salts.—Processes of toning em- 
ploying tin salts are of greater interest theoretically than practically. 
Unlike other toning processes in which the silver of the image is re- 
‘placed or converted into a chemical compound, in the case of tin salts 
an adsorption compound of colloid silver is formed. 

If stannous chloride is employed the following reaction may be re- 
garded as taking place.*° 


Sn -- 40H = SnO, + lal). 
2Ag + SnO2 = 2Ag + SnOcv. 


The prints are first bleached in a solution of ferricyanide and bro- 
mide, or copper chloride. The bleaching formula for sulfide toning 
(p. 651) is suitable. 

The prints are then washed thoroughly and placed in a solution of 
sodium stannite prepared as follows: *° 


Stannous: Ghlonridecers casera ott exces e eee 10 gm. 
Water toe SLi atcha sein, sans than ea eer ae eae 100 cc. 


To this add with constant shaking 70 cc. of a 10% solution of caustic 
soda until the precipitate first formed is redissolved. Finally add 


This results in a purplish black color on bromide prints and a sepia- 
brown with chloride developing papers. Warmer colors may be ob- 
tained by using potassium stannite which is prepared in a similar man- 
ner using, however, 100 cc. of a 10% solution of potassium hydroxide 
and 50 cc. of water to each 100 cc. of a 10% solution of stannous 
chloride.*? 

Toning with Hydrosulfite—Pleasing warm brown, purple brown 
and sepia tones are obtainable on many papers with an acid solution 

84 Smith, Phot. J. 47 (1907) 281. 

35 Formstecher, Brit. J. Phot. 68 (1921) 759, 

36 Formstecher, Brit. J. Phot. 68 (1921) 759. 

87 References on toning with tin. Gamble and Woolley, Brit. J. Phot. 60 (1913) 


978. Formstecher, Brit. J. Phot. 68 (1921) 759. Druce, Brit. J. Phot. 69 (1922) 
433. 
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of sodium hydrosulfite. The formula follows: 


Sodium hydrosulfite (Na2S:0,4)........ 2 gm. 56.0 gr. 
Oxalicaciclh(SoZsol>) eee eee DS (88: il @yz5 5) ling 
Water Gon are nee na. Wetec ee 150 cc. 10.0 oz. 


Toning requires from 20 to 40 minutes at a temperature of 65°. The 
odor produced by the decomposition of the hydrosulfite is decidedly 
unpleasant. 

Toning Processes Employing Selenium.—Selenium is similar 
chemically to sulfur and both the alkali selenides and the acid com- 
pounds have been employed for toning alone and in combination with 
hydrosulfite.*® 

The following is one of the many formulas which have been 
patented : °° 


Sodium sulfide (20% sol.).............. SOOM Ge 10 oz; 
Red amorphous selenium.............. 0.5 gm. 4.5 gr. 

The selenium is added to the solution of sodium sulfide, stirred 
briskly, and left to stand for several hours at room temperature. The 
filtered solution produces purple brown and reddish brown colors de- 
pending upon the character of the paper. 

The following formula *° is recommended for chloro-bromide papers 
on which colors ranging from a bluish-purple to red-brown are obtain- 
able, depending largely upon the time of immersion: 


Sodiumusultites(dess)mrema tree ayer 150 gm. i2eoz 
Seleniumspowder nee sa tee oe 6 gm. 210 gr. 
ENoatenOpovnbbon (MOK. os ogi a waar oun oo oe ' 190 gi. 15 oz. 
Water toutakesn meen orn en alone 1000 ce. 80 oz. 


To prepare, dissolve the sulfite in about three-fourths of the total 
quantity of hot water, add the selenium powder and boil until it is dis- 
solved. Allow the solution to cool, then add the ammonium chloride 


38 For a comprehensive survey of the subject see: Sedlaczek, Brit. J. Phot. 5 
(1928) ; 76 (1929) 6. 

39 G.P. 301,019 by Mimosa, A. G. 

40 Twinn, Phot. J. 85 (1938) 485. 


AsLocLou—Selenium Toning Methods for Prints. Brit. J. Phot. 85 (1938) 
599, 629, 643, 662. 

FoRMSTECHER—History and Theory of Selenium Toning. Phot. Ind. 34 
(1936) 1014. 

MiLBavER—Selenium Toning. Phot. Korr. 65 (1929) 10-12, 45-47. 

TREVELYAN—Commonsense Toning. J. Phot. Soc. Amer. 7 (1941) 149. 
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and stir until dissolved. Finally, dilute with cold water to the proper 
volume. 

For use, dilute one volume of the stock solution with five of water. 

Prints should be well washed and preferably dried before toning. 
The toning solution is used at normal room temperature—65° to 70° F. 
(18° to 21° C.), and the time of toning varies from 5 to 15 minutes, 
depending upon the paper and the color desired. Only chlorobromide 
papers produce rich, warm colors; very little toning action is apparent 
on bromide or chloride papers. 

Mercury-Sulfide Toning.—The addition of mercuric chloride to 
a bleaching solution of potassium ferricyanide and bromide followed by 
sulfiding in the usual manner results in an image consisting partly of 
silver sulfide and partly of a mercuric compound. The colors obtained 
range from a normal sepia to a warm engraving black depending upon 
the relative proportions of the mercury compound and silver sulfide. 
The bleaching solution is prepared as two stock solutions: 


A. Potassium ferricyanide............ 100 gm. LOZ; 
Potassiim! bromides: = sc. sae aan 150 gm. 11% oz. 
Wratertonnakert.. 7020.2 enw. aren: 1000 cc DS NOzZ. 

By Mercuri Chloride: - 4. sere acne 12.5 gm. Ki) ae 
Potassium: bromide: 2. 3.5.55.-..- 12.5 gm 60 gr 
NVBtEBACOLNGISO) niet cars ye eer ree 500 cc Dis LOZ: 

Ae Sakallinh ceWRVUU MARA oleh, Sitio ca. tins Meee 100 gm Le 10z 
Water toumaKerc.. «90.2. ee O00” Fee. 907 
Color A B Water Rel. Exposure 

Normal sepia... 1. .sese 40 parts — parts 480 parts 10 sec. 
Cool sepistas s.cas ener: Qn DO ees ASOla OSS 
Colder'sepias oi vc .nn wae see eK) SOPs 480 “ Sous 
Brown=blackint....0n. seen 30 = Ss 480 “ (hits 
Engraving: Dincic, mcm noe eo mmm 908 =: 480 “ com 


After having been bleached in a bleacher compounded as directed for 
the tone desired, the prints are washed briefly and passed through three 
successive baths of 1% hydrochloric acid after which they are again 
washed and finally sulfided as usual.*t 

Copper Toning.—The range of colors obtainable with copper 
toning extends from warm black through various shades of brown to 
red chalk, the various colors following one another in a definite order 


41 Bennett, Brit. J. Phot. 68 (1921) 25. 


URANIUM TONING oe 657 


as the action proceeds. The chemical reactions taking place are prob- 
ably as follows: 


CuSO, + 2KBr = CuBr. + K2SOu, 
CuBr, + Ag = CuBr + AgBr, 
CuBr + 2AgNO; = Cu(NOs3)2. + AgoBr. 


The following is a satisfactory formula. Two solutions are required 
as follows: * 


Are Cupricrsuliatcrmes weecewsy an escent. cvre 6.25 gm. 60 er. 
Potassium citrate (neutral)........ Us) (aioe 240 gr. 
Water tormalkerss seers oce sn a 1000 ce. 20 oz. 

Be Potassium terricyanides: 4... Sih hoes 50 gr. 
Rotassiumicitratenwn see. ee DS Bhai 240 er. 
NWWaterstonnalketjene---cotees are icia ee 1000 cc. 20 oz. 


For use take equal parts. Should the prints appear purplish in the 
highlights increase the amount of potassium citrate in either A or B.*° 

Uranium Toning.—The range of tones obtainable by toning with 
uranium extends from warm-black, through various shades of brown 
to plum colors and various shades of red, terminating in a bright brick- 
red. The toning action is progressive, the various colors appearing in 
a definite order as the action is allowed to proceed. 

As the image is intensified in the process of toning, the black and 
white print should be lighter than normal. 

The chemical reactions occurring are probably as follows: 


8Ag + 4(UO)s[Fe(CNe) ]2 = 2AgaFe(CN)s + 3(UOz)4[Fe(CNs) Je. 


Prints intended for toning in uranium should be thoroughly washed 
as the presence of hypo results in stain which cannot be removed. 
The following formula is suitable: ** 


Uranyl nitrates -cicrtete: ae ala eas - eee 38 gr. 
Rotassiumicitratesa ame ae errr Some 38 gr. 
RotassiimeerLicyanide sry wes eer an Desai 15 gr. 
AMINO Miata LU Peery. pees ee eres 10 gm. ae 
Ruresnydrochloricacidaer maser ree Ose  _ A jaabear, 
Watery nemcccsinns caine Maver se aes oes 6 1000 cc. 16 oz. 


42 British Journal Formula. 

43 Other methods of toning with copper: Namias, Bull. Soc. frang. Phot. 64 
(1922) 26. 

44 Ferguson, Phot. J. 25 (1900) 113. Sedlaczek, Phot. Ind. (1924) 234. 
American Photography 19 (1925) 8. 
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A print immersed in the above toning solution shows no change for 
about a minute, after which a slight brownish color becomes apparent. 
This gradually changes into reddish brown as the action proceeds. 
When toning has proceeded to the point desired, the print is washed 
for 1 to 2 minutes and placed in: 


Rotassiumucitrater epee aa. peer ene 5 gm. 38 gr. 
Sodium sulfate (not sulfite)............. 25 gm. 192 er. 
Watery ik as cctecttas oe tare ncmee esearch: 1000 cc. 16 oz. 


Three or four such baths may be required to remove the yellowish 
coloration entirely. The print should then be washed in running water 
free from alkalis for a minute or so, then fixed for 5 minutes in a 0.5% 
solution of hypo followed by washing in running water made acid by 
the addition of 0.1% of glacial acetic acid. 

Toning with Vanadium.—The following is a suitable formula: 


Vanadium’ oxalate solution (20%). .2. 2.) ....: BOree. V6 fl. oz. 
Oxalic acid (saturated solution)............... 50 cc. V4 fl. oz. 
Ammonia alum (saturated solution)........... 50 cc. VY fl. oz. 
Rernicioxalate:solution mn see menerr entero quant, suff. 

GIN Cerin een u Aree ie ag ek oor er eee ane 50 cc. V6 fl. oz. 
Potassium ferricyanide solution (10%)......... 10 ce. 48 min. 
Walter tt atraacatrces cecltichsacc ae bie capone aint eee ee 1000 cc. 10) “oz: 


Toning requires from 10 to 15 minutes, after which the prints are 
immersed in a 10% solution of sodium sulfate for 5 minutes, washed 
several minutes and dried. Fixing is unnecessary. 

The result of toning in the above solution is to produce an image 
consisting partly of blue ferri-ferrocyanide and partly of yellow vana- 
dium ferrocyanide, the two combining to produce a green. The only 
practical application of vanadium as a toning agent is for the purpose 
of producing green colored images. 

Dye Toning.—The range of colors obtainable by toning with 
metallic compounds is rather limited; a much broader range is possible 
by dye toning. Dye toning should not be confused with tinting or 
staining. A dye toned image consists of a colored dye image in un- 
colored gelatin; in a tinted image the gelatin is more or less uniformly 
stained by the dye. 

To produce the preferential deposition of the dye so as to form a 
dye image, it is necessary to convert the silver image into an inorganic 
compound which will cause the dye to come out of solution and precipi- 
tate on the compound. Such a substance is called a mordant and the 
dye is said to be mordanted. Silver ferrocyanide is a typical mordant. 
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Consequently if a silver image is converted into an image of silver ferro- 
cyanide and immersed in a solution of a basic dye, the dye is precipitated 
upon the silver ferrocyanide producing a mordanted dye image.*® 

A comparatively large number of inorganic compounds have been 
used as mordants; among them silver iodide,** various ferrocyanides 47 
and sulfocyanides,** silver sulfide,?? lead °° and iron.®* 

Dye toning is reserved more particularly for transparencies although 
methods involving the application of the dye solution by brushes or 
cotton to the surface of prints on paper have been described.*? 

Silver ferrocyanide is one of the best mordants for basic dyes and 
the iollowing is a satisfactory formula: °° 

Uranium Mordanting Bath.— 


Uranium (uranyl) nitrate.............. 8.0 gm. 8 lb. 114 er. 
Oxalictacidl amet tices sce hee eat! ie 4.0 gm. 4 |b. Ooi. 
Potassium) ferricyanide..4............- 4.0 gm. 4 |b. Si Sis 
Watetetoinalce ven sera oaratem Jaen acts n ates 1.0 liter 120 gal. S220z% 


Directions for Mixing. The uranyl nitrate should be of good quality 
and should not contain an excess of free nitric acid. First dissolve 
each chemical separately in a small volume of water. Then add the 
oxalic acid solution to the uranyl nitrate solution and finally add the 
ferricyanide solution. If the uranyl nitrate is added directly to the 
potassium ferricyanide, a brown precipitate will be obtained which will 
not dissolve readily in the oxalic acid. After mixing, the bath should 
be light yellow and perfectly clear. The solution should not be ex- 
posed to light any more than necessary. 


45 The theory of the mordanting of dyes as applied to dye toning is as yet 
incomplete. In general, however, the process appears to involve the mutual pre- 
cipitation of oppositely charged colloids. Bullock, Brit. J. Phot. 70 (1923) 352; 
Amer. Phot. 17 (1923) 756. ; 

46 Traube, D.R.P. 187,289 of 1905, Brit. J. Phot. 53 (1906) 942. 

47 Clark, Scientific Publications Eastman Research Laboratories, 2 (1915) 130. 
Mraubew bb. 9147,005s01 1916, Biyttaie lehot. 68) (1921/3285 Crabtree, Uns: RP: 
1,305,962 of 1917. 

48 Christensen, B.P. 132,846, Brit. J. Phot. 66 (1919) 639. 

49 Robach, Brit. J. Phot. 70 (1923) 363. 

50 Namias, Brit. J. Phot. 56 (1909) 68. 

51 Mercer. Brit. J. Phot. 42 (1895) 557. Crabtree, U.S.P. 1,389,742. 

52 Lumiére and Seyewetz, Brit. J. Phot. 73 (1926) 135; 74 (1927) 31. Garnotel, 
Brit. J. Phot. 75 (1928) 153. 

53 This formula and the directions which follow are from “Tinting and Toning 
of Eastman Positive Motion Picture Film,” Eastman Kodak Co., Rochester, N. Y. 
Fourth edition, 1927. 
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For use, take 1 part of stock solution and 4 parts water. 

Time of Mordanting. Immerse the film (slide) at 65° to 70° F. 
(18° to 21° C.) until a very slight chocolate-colored tone is obtained 
and remove at once. If mordanting is prolonged, much beyond this 
point, inferior tones will be produced. With a new bath, this will re- 
quire from 1% to 2 minutes but the time will need to be increased as 
the bath ages. The solution may be revived at intervals by adding a 
little of the concentrated stock solution. 

Time of Washing after Mordanting. Wash until the highlights are 
free from yellow stain which usually takes about 10 to 15 minutes. 
Do not prolong the washing for more than 20 minutes or some of the 
mordant will be washed out. 


The Dye Bath 


Vesa k cuenta cato Bushe Sekota nnn eaten 0.2 gm. 314 oz. Si ile 
ACEO OGL, MOGs scacocdoncoccouS S0lces 76.8 oz. 114 dr. 
Water tommakerrerir cr ic ircnee 1.0 liter 120. gal. SD OZ 


* To convert glacial acetic acid into 10% acetic, take 1 part glacial acetic acid 
and add it slowly to 9 parts of water. 


Thoroughly dissolve the dye in hot water, filter, add the acid and 
dilute to volume with cold water. 
The following dyes are suitable for toning: ** 


Safranine A Red 
Chrysoidine 3R Orange 
Auramine Yellow 
Victoria Green Green 
Methylene Blue BB Blue 
*Methyl Violet Violet 


* For methyl violet use one-quarter the quantity of dye given in the formula. 


Time of Dye Toning. Immerse the mordanted and washed film 
(slide) in the dye bath for 2 to 15 minutes according to the color de- 
sired. The quantity of dye which mordants to the image increases 
with time. In case an image is over-dyed, some of the dye may be re- 
moved by immersing in a 0.2% solution of ammonia; then rinse after 
drying. 

54 The dyes listed are obtainable from Eastman Kodak Company, Rochester, 
N. Y., in quantities under one pound. Larger quantities should be purchased di- 


rectly from the manufacturer, National Aniline Co., 40 Rector St., New York, 
IN, Wc 
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If, after dyeing 10 minutes, the image does not mordant sufficient 
dye, remove the film (slide), wash thoroughly, immerse again in the 
mordanting bath, wash, and re-dye. 

Intermediate Dye Tones. Intermediate colors may be obtained either 
by mixing the dye solutions or by immersing the film (slide) in suc- 
cessive baths. For example, if a reddish-orange tone is desired, first 
tone for a short time in the Safranine bath and then in the Chrysoidine 
bath, or the two baths may be mixed in suitable proportions and the 
tone secured with a single treatment. 

Dye Toning in Single Solutions.—It is possible to combine the 
mordanting and dye baths to form a single solution toning bath. The 
difficulty in most cases is the precipitation of the dye. A satisfactory 
method has been described by Crabtree and Ives.°® 


55 Trans. Soc. Mot. Pict. Eng. 12 (1928) 967. Dye toning may be combined 
with various processes of chemical toning. Crabtree and Marsh, J. Soc. Mot. 
Pict, Eng. 14 (1931) 57. 


CHAPTER XXV 


PRINTING PROCESSES: CARBON, GUM-BICHROMATE, 
BROMOIL, ETC. 


The Carbon Process.—Ever since its introduction as a practical 
process, carbon has been recognized as one of the finest of printing 
mediums. In common with other processes, which depend upon the 
action of light upon chromic salts, the carbon process affords a wide 
variety of colors and surfaces. But even more important is the fidelity 
with which carbon reproduces the delicate tones of a negative. In 
this respect the carbon process is unsurpassed. 

There are two variations in carbon printing known as single and 
double transfer. In the first case the image is reversed from right to 
left, while in the latter instance the image is non-reversed. Carbon 
tissue consists of paper coated with gelatin and pigment. Before use, 
it has to be sensitized in a solution of potassium bichromate and is 
then dried in the dark. With a spirit sensitizer, drying is very rapid 
and sensitizing is in operation which requires very little time. When 
dry, the tissue is exposed to daylight under the negative, a photometer 
being used to regulate the exposure, as the image is not visible. When 
exposure is complete the tissue is removed from the frame and allowed 
to soak until limp in cold water. In the meantime, a sheet of single 
transfer paper, or the temporary support if double transfer is to be 
made, is allowed to become pliable in the water. As soon as limp, the 
two are brought together and pressed into contact. After remaining 
under pressure a short while, the two are immersed in warm water and 
the tissue stripped off, leaving the gelatin and pigment adhering to the 
transfer paper, or to the temporary support in case of double transfer. 
Gentle washing in the warm water follows and the unacted upon bi- 
chromated gelatin with its pigment soon washes away, leaving the image 
in pure insoluble pigment. As soon as development is complete, the 
print is removed, placed in a bath of alum to remove the bichromate 
stain and harden the gelatin and is finally dried. Double transfer is a 
little more complicated. After development on the temporary sup- 
port, the image is hardened and allowed to dry. It is then again placed 
in water and brought in contact with a sheet of double transfer paper. 
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The two are allowed to dry in contact and the paper may then be 
stripped from the temporary support carrying with it the image. Car- 
bon is a comparatively simple and straightforward process and instruc- 
tions unfortunately make it appear more involved than it really is. 

The chemical reactions involved in the tanning or insolubilizing of 
a bichromated colloid upon exposure to light are still not definitely 
known. The neutral chromates, with the exception of ammonium 
chromate which decomposes in solution into ammonium bichromate, 
do not sensitize gelatin and the bichromates are not light sensitive ex- 
cept in the presence of organic matter. The investigations of Eder, 
Lumiére, Seyewetz and others suggest that the bichromate or chromic 
acid is reduced to chromium sesqui-oxide Cr,O,, which then reacts 
with excess bichromate or to form a chromium chromate, which may 
be Cr,CrO,, and is the actual tanning or insolubilizing compound. 


2H.CrO¢ of Light —> Gi507 +. 6H,0 -f- 30, 
Cr.Oz ae CrO3 => (Cref Ck} = (3CrO,).! 


Sensitizing Carbon Tissue.—Carbon tissue sensitized with po- 
tassium or ammonium bichromate does not keep well, becoming in- 
soluble in a few days. The use of a neutral chromate such as po- 
tassium chromate results in a more stable tissue but of much lower 
sensitiveness. The sensitiveness may be increased, however, by sus- 
pending the tissue, before exposure, over a tray of glacial acetic acid in 
a closed chamber.” 

Both the ammonium and potassium salts are used; ammonium bi- 
chromate is the more sensitive but the potassium salt is generally used 
on account of its cheapness. The ammonium salt is more soluble in 
water, which is an advantage in a spirit sensitizer as a larger amount 
of alcohol or acetone may be added without causing precipitation. The 
sensitiveness of tissue sensitized with potassium bichromate is increased 
by the addition of ammonia or ammonium carbonate.* Too much of 
either reduces rather than increases the sensitiveness of the tissue; 
approximately 0.2% of ammonia (20 cc. to 1000 cc.) or one half the 
quantity of ammonium carbonate may be used. The tissue also keeps 
better, as the occurrence of free chromic acid is prevented. 

1 Sheppard, Photography as a Scientific Implement, p. 171. 


2Namias, Brit. J. Phot. 67 (June 1920) 306. 
3 Lumiére and Seyewetz, Eder’s Jahrbuch (1906) 184. 


Wat~t—The Chromium Salts. Amer. Phot. 16 (1922) 613. 
MippLEtToN—Some. Experiments and Notes on Pictures in Pigments. Brit. 


J. Phot. 70 (1923) 735. 
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The sensitiveness and also the contrast vary with the concentration 
of bichromate in the sensitizing bath. 

Concentrated solutions (4 to 6%) result in greater sensitivity and 
low contrast; a dilute solution (1 to 2%) produces higher contrast, 
although the time of exposure is longer. Contrast is affected to a cer- 
tain extent by the color of the pigment; those which absorb blue and 
violet strongly tend to produce greater contrast. 

If the tissue is to be used as soon as dry, a solution of potassium or 
ammonium bichromate may be used; if, however, it is to be kept for 
three or four days, a trace of ammonia (about .02%) should be added. 

The tissue may be sensitized by immersing it in the sensitizing solu- 
tion, or the solution may be applied with a brush. Quick drying sensi- 
tizing solutions containing alcohol or acetone are usually applied with 
a brush. Tissue sensitized with a plain solution of bichromate requires 
several hours for drying, while with a quick drying sensitizer drying 
is usually complete within one-half to three quarters of an hour. For 
the occasional worker the use of rapid drying sensitizers is recom- 
mended. 

Methods of Increasing Sensitiveness of Carbon Tissue.—The 
addition of a mild reducing substance to dichromated gelatin results in 
increased sensitiveness. Among the substances employed have been 
potassium ferrocyanide,t copper sulfate, copper chloride and cobalt 
chloride.’ F. J. Tritton recommended that the tissue, after sensitizing 
in a 2% solution of dichromate and exposing for % the usual time, be 
placed in a 2% solution of cerous chloride for mounting instead of 
water. The time of immersion is stated to be practically without effect 
in the density or gradation of the image.® 

Exposing the Tissue.—With single transfer the print is reversed 
from left to right. With many subjects this is not objectionable. It 
may be prevented in the case of film negatives by reversing the position 
of the negative and printing from the back. Glass negatives may be 
printed from the back also if a single source of light such as an electric 
arc is used at a distance of several feet and the printing frame is not 
moved during the exposure. 


4 Weingarten, U.S.P. 1,564,161 of 1925. 

5 Valenta, Phot. Korr. (1914) 327. Eder, Phot. Korr. (1914) 326. 

6 Brit. J. Phot. 76 (1929) 361. Luxor Film G.M.B.H. patented the fuming 
of dichromated gelatin layers with an organic acid, such as acetic, after exposure 
and before development to reduce the exposure. B.P. 289,858 of 1927. 


W arpurc—Dyes as Sensitizers of Carbon Tissue. Phot. J. 57 (1917) 169. 
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A mask must be used in printing to prevent the pigment image from 
leaving the support during development. The mask should be at least 
¥ inch wide. 

Either daylight or strong sources of artificial light such as the white 
flame arc, mercury vapor tubes, or Photoflood lamps may be used for 
the exposure. When daylight is used, diffused light is preferable to 
direct sunlight which may cause the tissue to become insoluble. The 
tissue must be kept dry while exposing and in damp weather a sheet 
of waxed paper, or cellophane, should be placed back of the tissue. A 
substantial printing frame with strong springs is required to ensure 
good contact between the stiff tissue and the negative. 

When printing by daylight the time of exposure must be determined 
by means of an actinometer which consists of a scale of numbered 
densities. A strip of printing-out paper is placed beneath the density 
scale and exposed to light beside the printing frame. The amount of 
exposure is determined by examining the paper strip and noting the 
highest number visible in the print-out image. The number which rep- 
resents the proper exposure for a particular negative must first be de- 
termined by trial. With experience it may be estimated with a fair 
degree of accuracy. 

With artificial light it is usually sufficient to expose by time. Spe- 
cial precautions should be taken to avoid heating the tissue which re- 
sults in a general veiling of the image from the insolubilizing of the 
pigmented gelatin. When using an are or Photoflood lamp, a fan may 
be used to cool the printing frames. 

The sensitiveness of the tissue depends upon (1) the concentration 
of the sensitizing solution, (2) the age of the tissue, (3) the tempera- 
ture, (4) the color of the tissue. Other things being equal the time 
of exposure is less for violet and blue than for black, brown or red 
tissues. 

Transfer.—Transfer is necessary because the insoluble pigment 
which has been formed by the action of light is upon the surface of the 


BeKK—Sensitometry of the Pigment Process. Klimschs Jahrbuch 28 
(1935) 119. 

Boveck—Sensitometry of Bichromate Gelatin. Proc. Ninth Int. Congress 
of) Phots Racist 5 1935e5) Ser yet IndiyPhots CID) 6:¢1935)), 327. 

Harpy AND PEerrIN—Sensitometry of the Bichromated Gelatin Process. 
J. Franklin Inst. 205 (1928) 197-219. 

Keiticu—Researches on the Characteristic Curves of Pigment Processes. 
Z. wiss. Phot. 37 (1938) 195. 
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tissue while the insoluble pigment which must be washed away in order 
to reveal the image lies beneath the image. It is, therefore, necessary 
to transfer the pigment so that the soluble pigment will be on top where 
it can be washed away without affecting the pigment forming the image. 

In single transfer, the exposed tissue is transferred directly to the 
final support; in double transfer the image is first transferred to a 
temporary support on which it is developed by washing away the soluble 
gelatin in warm water. From this temporary support it is transferred 
a second time to the final support. ; 

We will deal with single transfer first. 

The final support may be the gelatin coated transfer paper obtainable 
from dealers, opal, glass, porcelain or metal. These latter must first 
be coated with a 3% solution of bichromated gelatin which after drying 
should be exposed to light for several hours to render the gelatin layer 
insoluble. 

A sheet of single transfer paper is placed in cold water at about 60° 
F, (16° C.) for several minutes until it is limp. The exposed tissue is 
then placed in the same water. The tissue will at first curl inward and 
then outward until it becomes practically flat. At this point it should be 
removed from the water and placed face down upon the transfer paper, 
which should have been previously placed upon a flat surface with the 
side coated with gelatin upwards. When the two are in contact, a 
squeegee is passed over the same from center to the margin with mod- 
erate pressure in order to eliminate air and moisture. After being 
squeegeed into contact the tissue and its support may be placed under 
blotters and allowed to remain for 15 to 20 minutes before development. 

Development.—Place the tissue and its support in water at about 
95° to 100° F. (35° to 38° C.). Ina few seconds the pigment will 
begin to ooze out around the edges. When this begins, separate the 
corner of the tissue and its support by lifting it with the finger nail and 
pull off the paper that originally held the pigmented gelatin. This tissue 
may be discarded. Holding the print by one corner, gently splash warm 
water over the surface. The soluble pigment will gradually wash away 
leaving the image. Care should be taken not to touch the print with 
the hands or any hard substance as the gelatin is very soft and easily 
injured at this stage. If the print is underexposed, the pigment will 
wash away very easily while if exposure is excessive the pigment dis- 
solves with difficulty and warmer water must be used. Highlights may 
be lightened or detail in dark shadows may be brought out at this stage 
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by squirting water from a blow tube against the print, or hot water may 
be poured on the desired portion. 

If the image is too dark, overexposure is indicated. A light print 
with clear highlights from which the pigment has completely disap- 
peared indicates underexposure, or developing in water above the 
proper temperature. Prints which are slightly overexposed may some- 
times be improved by raising the temperature of the water during de- 
velopment or by adding a few drops of ammonia or a 2% solution of 
ammonium persulfate. 

When development is complete, place the prints in clean cold water 
for a minute and then transfer to a 5% solution of alum to remove the 
bichromate stain and harden the gelatin. Porcelain steel enamelled or 
hard rubber trays may be used for the alum solution but tin or zinc 
vessels, such as may be used for development, are to be avoided. The 
time required in this bath varies, but sufficient time should be given to 
make sure that all of the bichromate stain has been removed as any 
trace which is left will be more noticeable when dry than while wet. 

After clearing and hardening in the alum bath, the print is removed 
and well rinsed in water and then hung up to dry. Carbon prints 
should not be forced in drying by heat as there is a danger of the 
gelatin cracking. An electric fan, however, may be used to hasten 
the process. 

Double Transfer.—Before development, instead of being at- 
tached to the transfer paper, the exposed carbon tissue is fixed to a 
temporary support. This temporary support may be opal glass or the 
specially coated paper supplied by the Autotype Company. 

Before use, the support must be waxed so that the gelatin image may 
be stripped from the temporary support without danger when trans- 
ferring to the final support. The waxing solution consists of one part 
of beeswax and three parts of resin dissolved in turpentine and may be 
purchased especially prepared. Several drops of this waxing solution 
are poured on the temporary support and gently rubbed over the sur- 
face using a pad of flannelette. The waxing is a simple operation but 
care must be taken that the support is evenly and thoroughly waxed. 
If a part of the support has not been covered at all the gelatin may 
adhere and the print will then be spoiled. An hour or so must be 
allowed after waxing before the supports are used in order to allow 
the turpentine to evaporate. It is an excellent plan to wax the supports 
several hours, or on the day before they are to be used. 


668 #e@ PRINTING PROCESSES: CARBON, GUM-BICHROMATE, ETC. 


There is less latitude in development with double than with single 
transfer and the exposure should be as nearly correct as possible in 
order that very hot water may not be necessary for development. 
There is a tendency for the image to blister while on the temporary 
support which is due to a softening of the wax and the use of hot 
water, of course, will cause the wax to soften more than cold. 

The temporary support is placed in water along with the exposed 
tissue and allowed to remain until it becomes comparatively flat. The 
exposed tissue is then squeegeed to the waxed side of the temporary 
support and allowed to remain under pressure for several minutes 
after which it is developed in exactly the same way as single transfer. 
After development, the temporary support with its adhering image is 
placed in the alum bath to discharge the bichromate stain and harden 
the gelatin, after which it is rinsed and allowed to dry. Care should be 
taken not to injure the delicate surface during any of these operations. 
Dry the image in a cool place—not in the sun nor by any kind of heat. 

When dry, the operation of transferring the image to the final sup- 
port may be proceeded with. For this purpose double transfer paper 
is supplied in a wide variety of tones and surfaces. The sheet of 
double transfer paper should be larger than the temporary support, 
say 7X9, for 5X7 print. It is placed in cold water and allowed 
to soak for an hour in order to swell the gelatin coating so that the 
image will adhere. After soaking for an hour remove and place for 
a minute or so in water at about 90° F. until the surface feels slimy to 
the touch after which it is again returned to the cold water where it 
may remain until required. The dry print on the temporary support 
is now placed in cold water until flat and limp and is then taken out and 
placed face up upon a smooth flat surface as a sheet of plate glass. 
The sheet of softened double transfer paper is then placed on top of it 
and held in place by one hand while the two are squeegeed into per- 
fect contact with a flat squeegee. The pressure must be sufficient to 
force out the water but not so great as to affect the gelatin. A few 
trials will serve to show the proper amount of pressure to apply. The 
temporary support and double transfer paper are then hung up on a 
line to dry. When thoroughly dry, insert the point of a knife blade 
under one corner and pull the two apart, when it will be found that the 
image leaves the temporary support and adheres to the double transfer 
paper. If the plate has not been properly waxed, the image may ad- 
here to the temporary support in places and the print ruined. This 
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may also happen if the gelatin coating of the double transfer paper has 
not been sufficiently softened before use. 

The Gum Pigment Process (Gum-Bichromate).—The gum bi- 
chromate process is one of several which depend upon the action of 
light on a bichromated colloid. Unlike carbon and carbro, there is 
no transfer, and multiple printing is necessary in order to secure a full 
scale of gradation. As a printing medium the gum-bichromate proc- 
ess is one of the most flexible and is especially noteworthy for its 
ability to produce deep, rich shadows without any trace of muddiness. 
It is, however, a rather tedious process and in recent years has been 
used less and less. 

Preparing the Paper.—Rough water color or charcoal papers, 
depending upon the size of the print and the amount of detail desired, 
are suitable. 

The paper is coated with a sizing solution, the following being a 
suitable formula. 


BermudararcowLootaerecarun te eae oie 18.7 gm. 90 gr. 
NVIAECIE, SEMEL, tacoete erroer ay u tne naraicke: «cole 1000 cc. 10 oz. 


Using a little of the water, make a thin cream of the arrowroot. Then 
heat the remainder of the water to the boiling point and add to the 
arrowroot mixture. As the solution does not keep, it must be made up 
fresh for each batch of paper sized. The sizing solution is best applied 
with a Blanchard brush. 

After sizing, the paper is coated with a mixture containing pigment 
of the color desired, gum arabic, and potassium bichromate. The pro- 
portions vary with different workers and according to the paper, the 
negative, and the effect desired. The formulas which follow are due 
to Paul L. Anderson. 


Gum Solution 


(Gunteatabiceraqye tae ee een te: 336.6 gm. 2200 gr. 
PNTGOW LOO wei ere thers ayy cen ate a 44.6 gm. 270 gr. 
Mercuntc chlonidesmsaae tne eee oe 2.5 gm. 15 gr. 
Watters cetbr eck hee ret si ts ane. tt aecprertnmiaee 1000 cc. 12 oz. 


Dissolve the mercuric chloride in a small amount of water and then 
add the arrowroot, stirring the same until a thin cream is obtained. 
Then add the remaining water and the gum-arabic. The latter will 
dissolve more rapidly if suspended in the solution by means of a cheese- 
cloth bag. From 16 to 24 hours will be required for the latter to 
dissolve completely. 
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Sensitizing Solution——The stock solution of sensitizer consists 
of a solution of potassium bichromate: 


Potassiumpbichromate see eee neers 96 gm. 720 gr. 
Water (hot) scent seen eee et ees 1000 cc. 15 oz. 


Both of these solutions keep well. 

The actual mixture used for coating varies with the paper and the 
negative and also with the effect desired. Practically every worker 
develops a different formula after practice and while there may be little 
difference, yet it is better adapted to his own personal methods of 
working. 

However, the following formulas are given for the benefit of the 
beginner : 


Shadow Coating 


Gumrsolutionee eee eee on ee ee Sucre VY oz. 
Sensitizery ace ers eae eae neh eee UStec VY oz 
I'vonyeblackatromptulbe=ene en eect ere 4 in. 4 in, 


If the negative has a short scale of gradation it may be possible to 
use the above for all the printings; if, however, this is not the case and 
the negative has a long scale of gradation and prints well with bromide 
or platinum, then it will be necessary to vary the coating mixture so 
as to secure a longer scale. It is generally necessary to make three 
printings: one for the shadows, another for the halftones and finally 
one for the highlights. The following are advised for the halftone and 
highlight coating mixtures. 


Halftone Coating Mixture 


Gumtsolution=s es eeeee ere eee Sy exe, Y% oz. 
Sénsitizetipw. Pee eee ee IS exe VY oz. 
ivonyablacksiromutube nen De sia) Zein 


Guinisolutiontepeeert- eee rerio Sie ema: V4 oz. 
SENSILIZEL/5 SR IME T eer ole Hann ide wre WLS Ge: Gy tah 
hvonyaplackatrommcubeamnne rience il she¥, il oa, 


Increasing the amount of pigment in the coating mixture results in 
a longer range of tones, but the whites tend to be degraded. 

Increasing the amount of gum arabic results in greater contrast, 
while an excess produces a thick film which may chip off in develop- 
ment Increasing the proportion of potassium bichromate results in 
decreased contrast ; an excess produces flat, lifeless prints. 


COATING oe 671 


Coating.—The coating mixture having been prepared, the sensi- 
tizing of the paper may proceed. Rough papers are the easiest to 
coat and the beginner is therefore advised to start with rough paper, 
as Whatman’s. The sheet should be larger than the negative as it is 
next to impossible to secure a perfectly even coating to the very edge 
of the paper. A sheet 11 X 14 will be suitable for either 8 < 10 or 
10 X 12, while an 8 X 10 sheet is sufficiently large fora 5 7. At- 
tach the paper to the drawing board with push pins and pour the coat- 
ing mixture in the center. The paper will be more easily coated if it 
is immersed in water and blotted before being placed on the board. 
For the first 11 x 14 sheet of paper, about one half ounce of the 
coating mixture will be required, while succeeding sheets will require 
somewhat less, owing to the brushes becoming charged with the gum. 
The rubberset bristle brush is used to spread the coating over the paper 
so that every part is covered with the coating mixture. When this has 
been done, the blender comes into play. There are two brushes which 
may be used for blending (one made of fitch and the other of badger) 
and the details of the operation depend somewhat upon which is being 
used. With the former the brush is held nearly vertical and drawn 
slowly and regularly across the paper—always in the same direction. 
When the sheet has been covered in one direction, it is again gone over 
in the opposite direction, to secure a perfectly even coating. With the 
latter, the action may be “whippy,” the vigorous handling of the brush 
lessening as the operation proceeds. The exact manner of handling 
the brush and the time to stop blending will come with a little experi- 
ence. In general, it may be said that when the point is reached where 
the tendency of the gum solution is to run into small puddles, the 
operation should be stopped whether the surface appears completely 
even or not. Any irregularity will disappear in drying or development 
or will be covered by subsequent printings. As soon as the operations 


ANDERSON—The Gum Pigment Process. Amer. Phot. 7 (1913) 504, 584, 
648, 700, 707; 8 (1914) 8, 12, 76. 

Batry—A Simplified Method of Printing in the Gum-Bichromate Process. 
Phot. J. 63 (1923) 398. 

GRANDMAITRE—Multi-Layer Gum Process. Bull. Soc. franc. Phot. 10 
(1923) 16. 

LricHTON—A Method of Working the Gum-Bichromate Process. Ameri- 
can Annual of Photography (1924) 40 

Lrssy—Multiple Gum American Annual of Photography (1922) 124. 

STaRNES—The Gum--Bichromate Process and a New Colloid. Phot. J. 58 
(1918) 287; Brit. J. Phot. 66 (1919) 50. 
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are complete the utensils should be washed free from the gum solution, 
as it is very difficult to remove when dry. 

The coated paper should be placed in a dark, dry, and dust-free place 
where there is a good circulation of air to dry. From one to two 
hours will be required for drying at ordinary room temperature. If it 
is not to be used at once, the paper should be stored in an air-tight 
container such as used for carbon tissue. The coating is at its best 
when fresh, 

Exposure and Development.—When exposing by daylight an 
actinometer of the type used in carbon printing must be employed to 
determine when the coating has been properly exposed. Artificial 
lights such as the white flame arc and mercury vapor tubes may be used, 
and in this case it is sufficient to expose by time. There is a good deal 
of latitude in exposure, but correct exposure enables water at ordinary 
temperature to be used for development and produces the best results. 
Overexposure may be compensated for to a certain extent by raising 
the temperature or the addition of a few drops of ammonia to the 
water. An underexposed print is useless as the image washes away in 
development. 

To develop, the exposed print is placed face up in a large tray of 
clear water at a temperature of about 65° F. When limp it is turned 
face down, care being taken that no air bells are imprisoned beneath it. 
From time to time it may be examined and transferred to a tray of 
clear water. From 14 to 1 hour will be required for the complete 
development of a properly exposed print. If the image appears fully 
developed in 10 or 15 minutes the print is underexposed and may as 
well be thrown away. If the image does not appear in 30 to 40 minutes, 
the print has been overexposed. 

When the solution which drains from the print when removed from 
the water is practically clear, development may be considered complete. 

To lighten any local portions the print may be held under water and 
a stream of water from the tap allowed to fall upon the desired portion, 
or an atomizer used. Greater emphasis may be secured by using hot 
water or by holding the print so that the stream of water falls directly 
upon the surface. Local values may also be lightened by the use of 
a very soft brush. There is a tendency for brush work to show 
graininess and for that reason it should be avoided whenever possible. 

If it is desired to darken any part, the coating mixture may be pre- 
pared and applied by means of a brush to the desired portions and the 
whole exposed to light when dry. It is then washed in water for about 
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half an hour and dried in the regular way. It is necessary to include 
the sensitizer in order to secure the same tone as the original deposit. 

Multiple Printing.—Gum-bichromate is a short scale process 
and to render a full scale of tones, or to obtain the rich luminous 
shadows which are characteristic of the process, multiple printing must 
be resorted to. Usually the result desired may be obtained in 3 print- 
ings, one for the highlights, one for the middle tones, and one for the 
shadows; but at times 4 or 5 printings may be necessary. The pro- 
portions of gum and pigment and sensitizer in the coating mixture vary 
for the different printings as shown in the formulas on p. 670. 


y) 


wy. 


S SULA hil aL TLS IRA PLATS EP 
= 
Ni 


SSS 


ZA 


ee 
Yo ISS 


SS 
SSS SS 


\LAZZZZA,. 


Ir 


= 


Vo. 


SSS 


koe 
SS 


| as vere 


YL) 


SS 


LZ 


Fic. 342. Method of Registering Paper and Negative for Multiple Printing. 


It is necessary in multiple printing to provide means for ensuring 
the accurate superimposition of the images produced by the different 
printings. Many methods have been devised for this purpose.” 

Perhaps as satisfactory a method as any is to use a printing frame 
several sizes larger than the negative. The negative is attached to the 
glass, and near the middle along each side is placed a strip of white 
paper. Prior to the first printing the coated paper is placed in posi- 
tion over the negative and registration marks placed on each of the four 
sides as shown in Fig. 342. In this way any shrinkage which may 
take place between printings is distributed from the center. 


7 Owen, Amer. Phot. (1923) 416, Zerbe, Amer. Annual Phot. 37 (1923) 123. 
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Gum Bromide and Gum Platinum.—To avoid the difficulties of 
multiple printing many workers have combined gum printing with 
bromide or platinum, using a print made by one of these processes as 
a foundation to supply the necessary depth to the shadows and middle 
tones and a superimposed gum pigment image to secure the charac- 
teristic appearance of a gum pigment print. 

Before exposure the bromide or platinum paper, as the case may be, 
is placed upon the negative and its position registered by any of the 
means already considered. It is then exposed and developed in the 
usual way, to produce an image of the required intensity. 

When dry the print is ready for the gum pigment coating. The 
proportions of gum and pigment in the coating mixture depend upon 
the depth of the foundation print and the effect desired. The gum 
pigment coating is dried, exposed, and developed in precisely the same 
way as a gum-pigment print.® 

Miscellaneous Pigment Processes.—Glué Printing: This is a modi- 
fication of the gum pigment process developed by Heinrich Kuehn.° 

Paper is coated with ordinary glue and a suitable pigment. After 
having been sensitized in a solution of potassium bichromate the paper 
base is rendered transparent with parafin oil or kerosene and _ the 
exposure made through the paper. The image is developed as in the 
gum pigment process. 

Fresson. This non-transfer process of pigment printing is of 
Belgian origin and has attracted but a small following. A special gum 
pigment paper is sensitized with a solution of potassium bichromate 
and exposed by daylight or strong artificial light. After exposure, 
the print is placed in a tray of cold water and the temperature gradually 
raised to approximately 85° F. After three or four minutes immer- 
sion the pigmented layer becomes “tacky” in places and the print is 
removed and placed on a sheet of heavy glass. Water containing 
finely ground sawdust is then poured over it. The gentle abrasive 
action of the sawdust removes the softened pigment and gradually brings 
out the image. The image has a pronounced grain or texture which, 
however, is not displeasing with certain subjects.!° 

Resinopigmentype. In this pigment process, developed by Prof. 
Rudolph Namias, of Milan, a gelatin coated paper is sensitized in 

8 Davis, “Gum Bromide Printing,” Amer. Phot. 15 (1921) 53. Zerbe, “Gum 
Platinum,” Amer. Phot. (April 1910.) 

® Kuehn, Technik der Lichtbildnerei, Innsbruck (1921) 39. Richter, “The Glue 


Print,” Amer. Phot. 17 (1923) 38. 
10 Mauret, Amer. Annual of Phot. 43 (1929) 179. 
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potassium or ammonium bichromate, dried and exposed under a posi- 
tive transparency. It is then placed in cold water for several hours 
to eliminate the excess bichromate and transferred to water at 50° C 
(122° F.) to produce a brief image in differentially hardened gelatin. 
A resinous pigment, impervious to water (as gum dammar, shellac, 
bitumen or dragons blood with a suitable pigment) is then applied with 
a brush. The pigment adheres to the swollen portions of the image 
(after the surface moisture is removed) but not to the hardened por- 
tions, thus forming a pigment image." 

Sury’s Process.” J. Sury, of Belgium, patented in 1914 a powder 
process in which paper was coated with gelatin, gum arabic, or albumen 
to which was added a fine colorless powder to produce an inert and 
matt surface. The paper was sensitized in a bichromate, dried and 
exposed under the negative to daylight or strong artificial light. After 
exposure the paper was washed in water to remove the soluble por- 
tions of the colloid and dried. Finally, pastel colors were applied, the 
powder added to the colloid coating providing a “tooth” and the image 
worked up. The process attracted only a small following and the 
paper is no longer available commercially. 

Powder Processes. Practically none of the processes described in 
the older works on photography have survived nor is there much in- 
terest in the subject today. It may be useful, however, to call atten- 
tion to the fact that a developed silver image, such as a bromide print, 
may be converted into one which will accept an inert pigment by bleach- 
ing in ferric chloride and tartaric acid,‘* ammonium persulfate, and 
peroxide.* Wall recommended the following process 1° 

The bromide print, which should have been fixed in plain hypo and 
not in an acid fixing and hardening bath, is transferred directly from 
the last wash water to the following solution: 


Gupcictsultates some eee reer 5 gm. Dye} aR 
INitcicha cian presents ares acer Ow ce: 45. min. 
Potassium) beomidesm senna eee: 0.5 gm. AN Siegen 
Hydrogen peroxides. 4.16. scene: 100 cc. 134 fl. oz. 
WANG? Rosi og oncoocbusbacondds 1000 cc. 1OMEOZs 


which should be used at a temperature of 70° F. (21° C.). From 
5-20 minutes in this solution are required depending on the emulsion. 


11 Namias, B.P. 205,092 of 1922; Brit. J. Phot. 72 (1925) 220. 
12 BP, 21,958; Brit. J. Phot. 61 (1914) 748. 
13 Capstaff, U.S.P. 1,315,464 of 1919. 
14 Liesegang, Phot. Archiv. 39 (1897) 161, Andresen, D.R.P. 103,516 of 1898. 
15 Amer. Phot. 18 (1924) 428, 
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For the powdering of the image any inert pigment, black or colored, 
may be used, but it should be as finely ground as possible, or the re- 
sults may show an undesirable amount of grain. The powder may 
be applied either with a very soft brush or by means of a little sieve 
having a bottom of the finest muslin. Some of the powder is placed 
in the sieve which is held over the image and tapped with the finger. 
This method is perhaps preferable when using a pigment containing 
rather coarse particles. 

Chemistry of Processes Based upon the Insolubilization of Bi- 
chromated Colloids by Finely Divided Silver—Carbro and brom- 
oil are the most important of a number of printing processes, based 
upon the discovery by Howard Farmer, in 1889, that in the presence 
of gelatin, the bichromates are reduced by finely divided silver so that 
when a bromide print is immersed in a solution of bichromate, the 
gelatin in contact with the silver image is rendered insoluble without 
exposure to light.1® 

In the carbro process (carbon from bromide prints) the carbon 
tissue is sensitized by immersion in a solution of potassium ferricyanide, 
potassium bichromate and potassium bromide. The tissue is then 
placed in contact with the wet bromide print. While the two are in 
contact certain chemical reactions take place which produce an image 
in the carbon tissue similar to that formed upon exposure to light under 
a negative. The carbon tissue after having been transferred to a 
suitable support is developed as in the carbon process. The carbro 
process thus provides a means of making carbon prints from a bromide 
print, utilizing the finely divided silver of the bromide print rather than 
light as the means of differentially hardening the gelatin. 


16 B.P. 17,773 of 1889. 


BuLLtockx—Theory of the Carbro Process. Phot. J. 67 (1927) 213. 

Murray AND SPENCER—The Hardening of Gelatine by Means of Copper- 
Dichromate Solutions. Phot. J. 73 (1933) 497. 

Liguton—Theory and Practice of the Carbro Process. Phot. J. 67 (1927) 
362, 409. 

Scu1zEL—Bromoil Printing. Phot. Rund. 63 (1926) 55-58, 97-99, 182-186. 

ScuieL—Chromic Acid Bleach and its Reaction Product. Phot. Korr. 63 
(1927) 117-120. 

SCHROMMER—Gelatin Hardening in Chromate Processes. Phot. Rund. 63 
(1926) 120, 138. 

Tritton—Theory of the Carbro Process. Phot. J. 66 (1926) 126. 


VenN—Further Researches in the Bromoil Process. Brit. J. Phot. 73 
(1926) 384, 401, 
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In the bromoil process, a bromide print is bleached in a solution 
containing a bichromate, or chromic acid, potassium bromide and either 
potassium ferricyanide or a cupric salt, usually the chloride or the 
sulfate, which results in the tanning of the gelatin in contact with the 
grains of silver, thus producing an image in differentially hardened 
gelatin. The bromide print is then soaked in water which is repelled 
by the unhardened gelatin. An oil pigment is then applied with a brush. 
The pigment adheres to shadow portions of the image but is repelled by 
the highlights which are more or less saturated with water. Thus there 
is built up a pigment image on one of differentially hardened gelatin. 

From a chemical standpoint the two processes are essentially the 
same; the mechanism of the two processes, however, is somewhat dif- 
ferent, as in bromoil the insolubilization of the gelatin takes place in 
the film containing the image, while in the carbro process the insolu- 
bilization has to be produced in another layer of gelatin by diffusion. 

The probable reaction here is first the bleaching of the silver image, 
resulting in the formation of silver bromide and potassium ferro- 
cyanide. This is reoxidized by the bichromate back to ferricyanide, 
the reduction of the bichromate resulting in the insolubilization of the 
gelatin. With copper salts the reaction is essentially the same, the 
cupric salt and bromide reacting with the silver image to form cuprous 
bromide, which is reoxidized by the bichromate into a cupric salt, the 
reduction of the bichromate resulting in the insolutbilization of the 
gelatin. Hypothetical reactions can, and have been, written to repre- 
sent these reactions but the objection to all such equations is that while 
they show what can take place, there is little evidence to show that it 
does take place. Consequently, it does not seem worth while, at the 
present time, to attempt to represent the reaction in the form of a 
chemical equation."” 

The Carbro Process.—Any standard make of smooth or semi- 
matte bromide paper is suitable, for the bromide print, although one 
without a super coating (non-abrasion) is preferable. The super 
coating occasionally results in granularity and a loss in the highlights. 
Some improvement may be effected by making the print darker. 

17 Namias, Phot. J. 42 (1912) 57; Brit. J. Phot. 59 (1912) 217. Eder, Hand- 
buch, 4 (1917) 279. Venn, Brit. J. Phot. 71 (1924), 427; 72 (1925) 119. 
Lighton, Phot. J. 66 (1926) 545; 67 (1927) 362. Tritton, Phot. J. 66 (1926) 
126. Schémmer, Phot. Rund 63 (1926) 120, 138. Schiel, Phot. Rund. 63 (1926) 
55, 97. Mayer, Bromoil Printing and Transfer, American Photographic Pub- 
lishing Co., Boston. Murray and Spencer, Phot. J. 73 (1933) 497. Bullock, Brit. 
J. Phot. 70 (1923) 491, 
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If developing-out papers of silver chloride are used, the print should 
be made darker than would be necessary for a bromide print, and before 
use, it should be bleached in the usual ferricyanide-bromide solution as 
used for sepia toning (page 651) and redeveloped in an ordinary 
developer. 

The print, whether on a bromide or a chloride paper, should receive 
full exposure and development. A slight burying of the gradations 
in the shadows is not objectionable as these gradations will be retained 
in the pigment image. 

Where the water supply contains lime, it is well to place the print, 
after fixing and washing, in a solution of hydrochloric acid and water 
(3 parts concentrated hydrochloric acid to 100 parts of water) for 
5 minutes, then wash for 10 minutes. If this is not done there is a 
danger that the lime formed within the bromide print will prevent 
complete bleaching of the highlights with the result that they wash 
away in the development of the carbro. 

Should any spotting be required, or it is desired to darken certain 
portions in such a way that the result will be reproduced in the carbro 
print, one may use water color containing India ink. All such altera- 
tions are reproduced in the carbro print with as complete transference 
as any part of the image. 

Sensitizing the Carbro Tissue.—For this purpose the following 
stock solutions are required: 


Concentrated Solution No. 1: 


Rotassimmupichnomatensneesiieeieir 10 gm. ozs 
Potassium ferricyanides 4... 0. a 10 gm. 1 oz. 
Rotasciuimbromidesseeeee ei seer 10 gm. 1 oz. 
Wateratosiiakea, site neacde erate ane: 200 cc. 20 oz. 
Concentrated Solution No. 2: 
Glactaliacetici cl daar ni rere * IMee 1 oz. 
Hydrochloriciacidi(pure) see eee OLCGs 1 oz. 
Formnaldehnydet0o, ree ee nee 220 cc. D2EOZ: 


The addition of 114 oz. or 12 cc. of water to the above will prevent 
precipitation in cold weather. 


BranamM—The Carbro Process. Phot. J. 62 (1922) 16; Brit. J. Phot. 69 
(1922) 4. 

FaRMER—The Carbro Process. Amat. Phot. (1919) p. 285; Brit. J. Phot. 
66 (1919) 583; Amer. Phot. 14 (1920) 92. 

Garon—Revised Formulae for Carbro. Brit. J. Phot. 68 (1921) 327. 

Licuton—Sharpness of Reproduction in the Carbro Process, Phot. J. 66 
(1926) 545. 
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For use take: 


First Bath: 
Concentrated No. 1 stock solution...... 100 ce. 6 oz. 
Wiaterttonmakert aren et mee mmenees aes 300 cc. 18 oz. 
Second Bath: 
Concentrated No. 2 stock solution....... 10 cc. 1 oz. 
Waterstoonialceheur seen pantie. ee 320 ce. 32 oz. 


The above English and metric weights are not equivalent but are 
proportionate. 

The first bath may be used for a number of prints, but the second 
bath is affected by the number one bath carried over into it with the 
pigmented tissue so that it must be renewed frequently. 

The first and second baths should be as near the same temperature 
as possible and not colder than 60 F. nor warmer than 70° F. (15° to 
20° C.). A low temperature results in light prints lacking in contrast 
and a high temperature in dark prints with clogged shadows. 

The working baths having been made up, the sheet of carbon tissue 
is immersed in No. 1 bath by sliding it under the surface of the solu- 
tion. Remove any airbells on the face of the tissue and then turn it 
face downwards. After two minutes the pigmented tissue should be 
again turned face upwards and allowed to remain for another minute. 
Then lift it up by the corner and let it drain for 15 seconds. Finally 
grasp it by two corners and slide it face up into solution No. 2. 

The time of immersion controls the depth and contrast of the carbro 
print and the correct time in the second bath depends upon the degree 
ef contrast required, the brand of paper employed for the print, the 
degree of contrast of the print, the hardness of the water, and, to a 
minor degree, by the number of carbro prints which have been made 
from the print. The shorter the time of immersion the greater the 
contrast of the carbro print; increasing the time in the second bath 
results in less contrast. Prolonged immersion produces a pale and 
flat carbro print; a short time results in a dense print lacking detail 
in the highlights which in extreme cases may wash away entirely. 

The normal time is from 20 to 30 seconds. If the water supply is 
very soft the time of immersion is less and under such circumstances 
the solution may be diluted with one-half the total quantity of water. 

Making the Print.—The number of seconds decided upon hay- 
ing elapsed, the pigmented tissue is lifted from the bath and laid upon 
the bromide print which should have been previously soaked in water 
for % hour and laid upon a sheet of glass or upon the squeegee board 
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illustrated in Fig. 343. Once the two are in contact their relative posi- 
tions must on no account be altered as the action begins immediately 
and a change in position would produce a blurring of the image. As 
soon as the pigmented sheet is in contact with the bromide print a rubber 
squeegee is brought into play and the superfluous water forced out by 
firm, straight strokes. 


The upper drawing shows the hinging of the clamping strip at the 
requisite height above the base. In the lower drawing is indicated 
the-edging of studded rubber. 


Fic. 343. Squeege Board for Holding Bromide Print and Pigment when 
Squeeging by Hand. 


The bromide print with its adhering sheet of carbon tissue is then 
lifted from the glass or squeegee board, placed between greaseproof 
paper and allowed to remain for 15 minutes for the action of the 
insolubilizing solution to take place. 

The proper amount of pressure in squeegeeing is a matter of impor- 
tance. If the bromide print and the pigmented tissue adhere tightly 
and force is required to separate them, the pressure has been too great ; 
on the other hand if they tend to separate of their own weight, greater 
pressure should be applied. Lack of sufficient pressure leads to light 
carbro prints. 

Transfer.—The sheet of transfer paper, which has been soaking 
in water for at least 15 minutes, is now placed on a sheet of heavy 
glass, laid flat on the working table, a glass of water poured over it so 
as to leave a pool of water on the surface. The pigmented tissue is 
now stripped from the bromide print, squeegeed into contact with the 
tissue, and placed between blotters under light pressure for 20 to 30 
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minutes. Heavy pressure leads to difficulty in developing. The longer 
the time elapsing before developing, the darker the carbro print, as the 
action continues. 

Developing the Carbro.—The carbro print is developed in the 
same manner as a carbon print (which see) but with water at a lower 
temperature (95° to 100° F., 35° to 38° C.) as the soluble gelatin leaves 
the tissue at a lower temperature and more readily than with a carbon 
print made in the usual way by exposure beneath a negative. 

When development is judged to be complete, the print is removed, 
rinsed in clear cold water and placed in a 5% solution of alum. This 
removes the yellow stain left behind by the bichromate and ferricyanide 
and hardens the image. Care should be taken that the action of the 
alum is complete as the yellow stain is much more apparent when the 
print is dry than when wet. In commercial practice it is well to use 
two baths of alum; immersing the print until apparently clear in the 
first, then transferring to the second for 3 or 4 minutes. 

After removal from the alum bath the print should be rinsed well 
in cold water and hung up to dry. Heat should not be used to hasten 
drying. 

Treatment of the Bromide Print——Wash the bleached bromide 
print in water for 15 to 20 minutes and redevelop in the usual devel- 
oper. Development must be complete. Fixing is unnecessary; after 
development wash the print for 10 to 15 minutes in running water and 
dry. When dry it is again ready for use. Succeeding carbro prints 
will be darker and have greater contrast than the first. This may be 
overcome by increasing slightly the time of impression inthe No. 2 
bath. 

Carbon on Bromide.—lf desired the pigment image can be de- 
veloped on the bromide print instead of transferring to a new paper 
support. The procedure is just the same except that when the fifteen 
minutes of contact between the bromide and the pigmented tissue have 
elapsed, instead of stripping off the pigmented paper, both it and the 
bromide print are placed in warm water and developed as already de- 
scribed. The print then consists of a pigment image over the bleached 
image of the bromide print. 

As the yellow color of the bleached image alters the tone of the 
finished print and since it darkens slightly on exposure to light it is 
advisable either to redevelop the bromide image or to remove it com- 


NipBELINK—A Method of Monochrome Carbro. Phot. Tech. 2 (1940) 
Sept. p. 16. 
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pletely. Redevelopment of the silver image darkens the print since 
in this case the resulting print has the depth of the two images; one 
of silver and the other of carbon. 


Causes of Failure with the Carbro Process.— 


White Spots: Bubbles or airbells adhering to the tissue during sensi- 
tizing or to air being imprisoned between the bromide print and 
the sensitized tissue. White spots on the carbro are always 
accompanied by corresponding dark, or unbleached, spots on the 
bleached bromide. 

Dark Spots: Dark spots on the carbro are due to insufficiently washed 
prints. 

Frilling at the Edge: Lack of a safe edge, i.e., white margin on the 
bromide print. 

Bad movement during squeegeeing. 

Blisters: Air trapped between the pigment paper and the transfer paper. 

The Carbro is Devoid of Highlight Tones: This is due to an excess 
of lime or chalk in the water used for washing the bromide print. 
The remedy is to place the bromide print for 5 minutes in a 
solution of hydrochloric acid (3 parts acid to 100 parts of water) 
and wash for 10 to 20 minutes in running water. Insufficient 
immersion in the No. 2 bath. 

Light Prints Lacking in Contrast: Weak squeegeeing. Prolonged im- 
mersion in the No. 2 solution. 

Dark Prints, With Strong Contrast: Insufficient immersion in the No. 
2 bath. 


Double Image: Shift in the tissue or transfer paper when squeegeeing. 


Bromoil.—The bromoil process, in brief, consists in making a 
good bromide print in the ordinary way, bleaching this in a solution 
which produces an image in differentially hardened gelatin, and finally 
applying pigment with a brush to form an image. Owing to the fact 
that an ordinary bromide print is used, neither daylight nor an enlarged 
negative is necessary. 

The Choice of the Paper for the Bromide Print.—To be SEINE 
for the bromoil process, the bromide paper should have a hard, durable, 
and well-sized paper base, with an emulsion rich in silver and thickly 
coated. No hardening substances should be added to the emulsion in 
the course of manufacture nor should the paper have a super-coating. 
The bromoil process is based upon tanning of the gelatin in exact pro- 
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portion to the original silver deposit. If the emulsion has been hard- 
ened in manufacture, the gelatin is already tanned to some extent and 
has lost much of its swelling power, so that it is eas to obtain the 
degree of relief necessary for pigmenting. 

A number of manufacturers supply bromide papers especially de- 
signed for bromoil, and for the beginner these are to be preferred. 

To determine whether a particular brand of paper is suitable for 
bromoil, an unexposed sheet should be dipped in water at a temperature 
of 86° F. (30° C.) and the behavior of the gelatin observed. If this 
swells up considerably and becomes slippery and shiny, the paper has 
the necessary swelling power and can be used for bromoil.1® 

The Bromide Print.—The best bromide print for the bromoil 
process is one which has received correct exposure and development 
for a period slightly less than that required for full depth. The sha- 
dows should be a deep gray and not the maximum black which the 
paper will produce. The highlights, on the other hand, should be a 
trifle darker than would be considered proper for a bromide print. If 
the factorial.method of development is employed, the factor normally 
employed should be reduced by approximately one-third. Diamino- 
phenol, which is without tanning action on gelatin, is widely used as 
a developer but metol-hydroquinone may be used. In either case the 
solution should be fresh, as the oxidation product present in a used 
developer may result in partial tanning of the gelatin. 

The print should be fixed in plain hypo solution or in one made acid 
by the addition of sodium bisulfite. An acid fixing and hardening 
bath is to be avoided as, owing to its hardening action, considerable 
difficulty is experienced in securing the necessary relief. 

After fixing, the prints should be thoroughly washed as the slightest 
trace of hypo will cause trouble in bleaching. 

The prints should have a plain white margin of at least one-half inch. 

Bleaching Bromide Prints.—The functions of a bleaching solu- 
tion are two in number: (1) it removes the visible silver image and 
(2) produces a tanning of the gelatin film in proportion to the amount 
of silver present in the image. 

The usual bleaching solution contains a bichromate (potassium bi- 
chromate) or chromic acid, potassium bromide, or sodium chloride, and 
a cupric salt, usually either the chloride or the sulfate. 


18 Mayer, Bromoil Printing and Transfer, American Photographic Pub. Co., 
Boston. 


684 @@@ PRINTING PROCESSES: CARBON, GUM-BICHROMATE, ETC. 


Bleaching and tanning may be carried out simultaneously in a single 
bath or separately in two baths. Of the many formulas for combined 
bleaching and tanning solutions, two must suffice. 


(i) ss Coppersulfates eae ae eae cee 200 gm. 34 OZ. 
Waterton... eer ae. 1000 cc. 3% oz. 

Ba Potassium: bromiden senna ee 200 gm. 34 OZ. 

W aiteret Onckce onset Meath cemanantate 1000 ce. 3% oz. 

C= Botassiumuabichromatenmenn ter 10 gm. ISD sare, 
WateritO me. ea tere eter ceere ore 1000 cc.'® 31% oz. 


Aen ET MS AL Si UR ae OA pe 2 2 we 60 cc. Ds. (ove 

PB 28 Bear AR ESSE PEERS ere, 60 cc Van OZ 

CaaS Ace. Sere Bere eee 20 cc 24 OZ 

Water tOibo ot eae eee one ee 450 cc. 1SmOze 

Hydrochlonicacids(conc)) maar ee 15 drops 
(2) aGonpenmsulfarcer (Oo 7rcolition) peat eae 96 cc. 

Potassium bromide (10% solution).................. NSC: 

Chromictacids Uo Zrsolubion) eye iea ree een BY Oe 

Water*to makes tee a cen in Se ee ere ee eee 1000 cc. 


The following formulas for bleaching and tanning in separate opera- 
tions are due to Venn.*! 


Bleaching Solution (No. 1) 


Cupricisulfate (O77 scolution) seeeeeenn ieee 95 parts 

Potassium bromide (10% solution)............. 5 parts 
Tanning Solution (No. 2) 

Potassium bromide (10% solution)............. 20 parts 

Potassium bichromate (1% solution)........... 10 parts 

Wateritotmakene «as any reaee tee etn rahi t pe 100 parts 


The first bath may be used for a number of prints in succession; the 
second should be renewed more frequently. 

The temperature of the bleaching and tanning solutions should be 
uniform and between 55° and 65° F. 

Approximately 5 minutes will be required in the second bath, after 
which the prints should be washed thoroughly in running water, and 
then fixed for 2 minutes in a 10% solution of hypo. If the print is 
not washed thoroughly before being placed in the fixing bath, general 
tanning will be produced through the interaction of the hypo and the 


19 Mayer, Bromoil and Bromoil Transfer. 
°0 Crowther, Amateur Photography (1921) 446. 
21 Brit, J. Phot. 71 (1924) 427. 
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substances remaining in the print from the tanning solution. An acid 
fixing and hardening bath must not be used for fixing. 

After fixing, the print should be washed in running water for 5 to 
10 minutes and dried. Some papers do not need to be dried at this 
stage but it is usually advisable. 

Producing the Relief—When ready to begin pigmenting, the 
print is immersed in water and the gelatin allowed to swell. The de- 
gree of swelling is controlled principally by the temperature of the 
water and, to a lesser extent, by the time of immersion. The higher 
the temperature of the water in which the print is soaked, the greater 
the swelling and the more pronounced the relief. With insufficient im- 
mersion, or the use of cold water, the degree of swelling will be in- 
sufficient and such prints will, when pigmented, have a short scale of 
gradation with poor tones. The use of excessively warm water, on 
the other hand, will produce a pronounced relief which, when inked 
up, may produce a result having greater contrast than is desirable. 

If the degree of relief is correct, the print will accept the pigment 
from the brush readily and in doing so will differentiate between the 
highlights and the shadows. After bleaching and washing, the white 
margins should be very slippery to the touch. If the print is held up 
by one corner, the straight edge on the margin should be plainly visible. 

To determine whether the print is in the proper condition for pig- 
menting, Dr. E. Mayer suggests that the tip of the finger be passed 
over the surface gently. With a print in the proper condition the deep 
shadow portions will feel like very fine sandpaper, that is, grainy and 
slippery, jelly-like in the highlights, and particularly so along the clear 
margins. 

Water too warm causes over-swelling and the highlights do not take 
the ink. 

The vital factor in putting the print in shape for pigmenting is the 
adjustment of the swelling of the gelatin to the viscosity of the pig- 
ment. Either the print may be soaked at a fixed temperature ahd the 
consistency of the pigment adjusted to suit the degree of swelling, or 
the degree of swelling is adjusted by variation in temperature of the 
water bath in which the relief is raised to suit the pigment as supplied. 

Different papers vary as regards the temperature necessary for pro- 
ducing the best relief. Some are ready for pigmenting after soaking 
for several minutes in water at ordinary room temperature. Others 
require as high as 90° F. (32° C.) or more; the general average being 
about 75° to 80° F. (24° to 27° C.). The worker must learn by ex- 
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perience the temperature to use for his particular brand of paper and 
manner of working, always remembering that it is best to start with a 
rather low degree of relief, which may be raised easily, if required, by 
soaking in warmer water, while a relief once too high can be reduced 
only with difficulty. Should soaking in warm water at a temperature of 
95° F. (35° C.) be insufficient to produce the desired degree of relief, 
the print may be immersed in a 1% solution of sodium carbonate as 
recommended by E. Guttmann. Asa rule, however, this method should 
be used only as the last resort. 

Pigmenting.—The brushes employed for applying the pigment 
are especially made for the process and may be obtained from dealers. 
They are made of fitch hair and 
the end is cut at an angle as shown 
in Fig. 344. To begin with, three 
brushes will serve, numbers 10 
and 14 and a smaller one for detail 
work. As the worker progresses, 
additional brushes will be found 
convenient in order that a fresh 

Fic. 344. Brushes and Methods of brush may be used when it is nec- 
Holding the Brush in the Pigmenting €SSaty to apply pigments of dif- 
of Bromoils. ferent consistency to any part of 

the print. 

Brushes should be kept in good condition, not only because they are 
expensive, but because the quality of the work depends to a large extent 
upon their condition. After use, the brush should be thoroughly 
cleaned with gasoline, carbona, or a similar solvent and washed in soap 
and water until free of both solvent and pigment. Take care not to 
get the brushes out of shape while cleaning, and when they are thor- 
oughly cleaned, wrap in a piece of white paper and place a rubber band 
around the handle in order to keep the brush in its proper shape. 

The’ pigments used are similar to those used in lithography and may 
be obtained from dealers in photo supplies. 

It is necessary to keep the print wet from -underneath during pig- 
menting and for this a pigmenting pad is used. Pads are a commercial 
article and may be obtained from any of the dealers carrying oil mate- 
rials or one may be improvised from a sheet of glass and four or five 
sheets of blotting paper. Soak each sheet of blotting paper in water 
until thoroughly wet and then place on top of one another upon the 
glass plate. Upon this spread one or two thicknesses of muslin or 
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cheesecloth. Then remove the print from the wash water and place 
on top of the pad. With a blotter or piece of silk take off the excess 
moisture, being careful not to make the surface wholly dry. Only take 
off the excess water. It will be noticed that the image stands out in 
relief and the appearance of the print at this stage is a good indication 
of the way it will take the pigment. The greater the relief the more 
readily the ink will take. 

Squeeze out a very small quantity of pigment on the palette. Only 
a small quantity is needed, as a piece the size of a pea will do for several 
8 X 10 prints. Instead of a palette the glass side of an old negative 
may be used. Spread the pigment out in a thin layer with the palette 
knife and tap the brush on the same so as to take up the pigment on the 
end of the hairs. When the brush has become charged with the pig- 
ment, work it around on a clear portion of the glass in order to dis- 
tribute the pigment evenly. It is well to prepare pigments of two 
consistencies at the beginning, since it is rare that the same pigment 
can be used throughout the operation owing to the fact that some parts 
of the image require a softer pigment in order to make the pigment ad- 
here. Either linseed oil, Robertson’s medium or megilip may be used 
to soften the hard ink. Only a trace of any one of these is necessary 
to completely change the ink and, therefore, they should be added with 
caution. 

The method in which the brush is used to apply the pigment varies 
greatly with different workers. Some have a pressing, smudging ac- 
tion, while others simply dab the brush on the surface. It is difficult 
to give any precise directions on this point and with practice one will 
develop a distinctive method of his own. 

It is well to begin pigmenting with the ink as it comes from the tube 
and continue until the image is distinct and the shadows well defined 
when it may be desirable to change to a softer pigment. It is easy to 
tell when more pigment is needed, for the brush will begin to pick up 
the pigment instead of depositing it. 

To lighten any portions which have been over-pigmented, the opera- 
tion known as hopping is used. In this, the brush is held vertically 
and allowed to drop upon the surface from which the pigment is to be 
removed. Wire holders are supplied to hold the brush so that hopping 
may be carried on without fatigue. 

Do not be afraid to apply plenty of pigment, but do not try to put 
it all on at once. Smooth it down to an even tint on the palette and 
take up a little on the brush at a time. When this is exhausted, take 
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up more. A smooth, even tone will result if plenty of pigment is used 
and thoroughly worked into the surface. If the pigment is not well 
worked in, the print will be weak and “gritty” and the tone will be 
impure. 

All detail which is to appear in the finished print should be apparent 
after the first inking. If parts of the image are inked strongly before 
the desired details appear, it is difficult to ink these later. 

Particular care is necessary, especially in the case of large prints, or 
where a long time is required for pigmenting to keep the paper thor- 
oughly wet. To this end it is well to soak the print in water frequently 
during pigmenting.” 

Troubles in Pigmenting.— 


Highlight areas repell soft ink. 
Excessively swollen prints. There is no remedy. 
Print refuses to accept ink. 
Paper is not suitable for the process, bleaching solution incor- 
rectly prepared. There is no remedy. 
Print inks up as a negative. 
The ink is too soft. Clean up and apply harder ink. 
Print accepts ink but more or less evenly. 
Insufficient swelling. Use a warmer water bath for soaking. 
Spots appear attracting more ink than the surrounding areas. 
Insufficient swelling in spots due to air bubbles or fault of bleach- 
ing from the presence of hypo in the bromide print. 
Small white spots which refuse to take the ink. 
Drops of water on the surface. If the spots move. with the brush, 
the water is on the brush.”? 


Bromoil Transfer.—Bromoil transfer, as its name indicates, con- 
sists in transferring the pigment from the bromoil-print to a piece of 
plain paper. As the oily pigment lies on top of a more or less tanned 
and swollen gelatin it will leave the bromoil print and adhere to a piece 
of moist paper when the two are brought together under pressure. 
Transfers, accordingly, have a distinctive appearance which is unlike 
other pigment processes since in these the image forming pigment is 
either incorporated in or lies over a colloid layer, while in transfer the 
pigment lies on a plain uncoated paper. 

22 Grimwood, Brit. J. Phot. 72 (1925) 320. Usher, Brit. J. Phot. 75 (1927) 
191. Fiedler, Photofreunde, 4 (1924) 13. Namias, Brit. J. Phot. 61 (1914) 626. 


Gabriel, Brit. J. Phot. 76 (1929) 543, 559. 
.23 Mayer, Amer. Phot. 19 (1925) 506. 
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Preparation of the Bromoil for Transfer.—Any bromide paper 
which is suitable for the bromoil process may be used for the bromoil 
prints from which a transfer is to be made. 

Bromide papers having a super coating (that is, a second gelatin 
layer to protect the emulsion and prevent abrasion markings) may be 
used under certain conditions. . 

To obtain a transfer of good quality soft ink must be used in pig- 
menting the bromoil as it is impossible to transfer hard ink with cer- 
tainty, owing to the tenacity with which it adheres to the original 
bromoil. Soft ink, however, cannot be used unless a high relief is ob- 
tained or the ink will adhere to the highlights of the bromoil and a 
print of the proper gradation cannot be obtained. Consequently it is 
necessary to start with a rather high relief; this fact must be borne in 
mind when the print is being made ready for pigmenting and the tem- 
perature of the water in which the swelling takes place regulated ac- 
cordingly. The use of a high temperature, however, may cause the 
gelatin in the highlights to soften to such an extent that it pulls off in 
pigmenting or in transfer. When this occurs it is well to make use of 
ammonia as previously described. As the ink is more easily trans- 
ferred from the highlights than from the shadows, in consequence of 
the greater relief of the former and the fact that owing to the tanning 
of the gelatin the pigment in the shadows is more strongly retained 
than in the highlights, the contrast of the transfer is usually much less 
than that of the bromoil. In pigmenting, therefore, the bromoil is 
made considerably more contrasty than would be required where it to 
be left as it is. Owing to the fact that the transfer of ink in the 
shadows may not be complete, it is the practice of many workers to 
considerably over ink such portions in order that the transfer may have 
the proper depth in the shadows. To reach the same end other workers 
have recourse to multiple transfer; the first bromoil being inked nor- 
mally and transferred, then reinked, paying especial attention to the 
shadows. 

Transfer Papers.—The best papers for transfer are those used 
for copper plate printing, but water color and drawing papers of good 
quality are suitable as a rule. Very rough or absorbent papers may 
require sizing to keep the pigment on the surface of the paper. A 
2% solution of arrowroot may be used for this purpose. 

As a general rule, the transfer paper should be used dry. Some 
few papers, however, must be slightly damp. In this case two sheets 


24 Symes, Brit. J. Phot. 70 (1923) 103. 
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of blotting paper should be thoroughly and evenly dampened and the 
sheet of transfer paper placed between them, under slight pressure, 
for several minutes. As different papers require different treatment, 
one should use a particular paper until thoroughly familiar with its 
characteristics. 

As a general rule, the more absorbent the paper the better the trans- 
fer of pigment. If the paper is too wet the pigment transfers with 
difficulty, or not at all, and the transfer is smeary. The proper condi- 
tion is very important and must be learned by experience. 

Transfer of the Pigment Image.—A number of presses, similar 
to those used by copper plate printers, are available commercially.”° 

The primary requirements of a satisfactory press are two in number: 
(1) The pressure on the rolls must be absolutely even and capable of 
regulation by the operator, and (2) one must be able to examine the 
condition of the transfer at any time without danger of shifting the 
position of the bromoil or the transfer. hae 

As soon as pigmenting is complete the bromoil is ready for the trans- 
fer. For this purpose we require, in addition to a suitable press, two 
sheets of blotting paper, three sheets of thick, hard, glazed pasteboard 
and a pad of felt—all of which should be at least double the length 
of the bromoil print. On one of the sheets of pasteboard is placed 
one of the sheets of blotting paper and on this the pigmented bromoil, 
face up. Over this is placed the transfer paper, and over this another 
sheet of blotting paper. These two sheets of blotting paper serve the 
purpose of absorbing the moisture squeezed from the bromoil print 
which might otherwise cause trouble. Finally a sheet of pasteboard 
is placed over the blotting paper, then over this the felt pad and lastly 
another sheet of pasteboard. 

The entire pack is now inserted between the rollers and carried 
through once with a uniform motion and with but slight pressure. 
The pressure is then increased slightly and the pack carried back 
through the press in the opposite direction. Then the top of the press 
pack is removed, the cover of the transfer paper raised and the appear- 
ance of the transfer examined. If the transfer of ink is only slight, 
the press pack is replaced and carried through the press again with in- 
creased pressure. Then if the shadows still lack intensity registration 
marks should be made, the bromoil print removed, resoaked in water 


*> As for example, those of the Autotype Company, Sinclair, Drem, and Parting- 
ton. See also: Prett, Brit. J. Phot. 70 (1923) 300. Santeul, Brit. J. Phot. 70 
(1923) 301. 
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and the shadows pigmented after which the bromoil is placed on the 
transfer paper, its position registered, and again passed through the 
press. The pressure should not in any case be so great that the rolls 
can be started only by a decided effort; they must always move easily 
and smoothly. Repeated slow passage of the press pack through 
moderately tightened rollers is always more advantageous than a single 
passage under very heavy pressure. With heavy pressure there is 
likewise the danger of destroying the bromoil, as the gelatin film in its 
swollen condition may adhere to the transfer paper. This trouble, 
however, is occasionally met with when using some papers with only 
a moderate amount of pressure. 

Methods of Transfer Without a Press.—I{ the transfer paper is 
dampened with a solvent of the oil pigment such as benzene, benzol, 
or turpentine, only light pressure is required to transfer the pigment 
from the bromoil to the transfer paper, since the transfer is effected 
by the action of the solvent and the adhesive power of the paper. 
Even the light pressure obtainable in a printing frame or light rolling 
with a print roller is often sufficient.”® 


26 Zaepernick, H., Amer. Phot. 18 (1924) 732. 


CHAPTER XXVI 


PRINTING PROCESSES: PLATINOTYPE, IRON AND 
PLAN-COPYING PROCESSES 


Printing Processes Based on Iron Salts—A number of the 
organic salts of iron are sensitive to light and a still larger number are 
sensitive in the presence of organic matter. Several printing processes 
are based upon the light sensitive iron salts, among them, ferroprussiate 
(blue print), cyanotype (blue lines on a white background), kallitype, 
platinotype, and a number of other processes which are now obsolete. 

The Platinotype Process.—The Platinotype Process results in 
an image of pure metallic platinum. As platinum is one of the most 
stable metals, prints made by the Platinotype Process may be regarded 
as being as permanent as the paper on which they are made. The pure 
black image of finely divided particles of platinum has a certain in- 
trinsic quality which is unique and it is very properly regarded as one 
of the finest processes of photographic printing. 

Although some of the salts of platinum are sensitive to light, particu- 
larly in the presence of organic matter, the Platinotype Process is an 
indirect one depending upon the reduction of a ferric salt to the ferrous 
which, upon being dissolved in an alkaline oxalate, such as potassium 
oxalate, reduces the platinum salt (potassium chloroplatinite) to the 
metallic state.* 


Fes(C2O,)3 + light => 2Fe(C20,4) 4. 2COsz, 
6FeC.0,4 +e 3KePtCl, = 2Fe2(C2O4)3 + FeoCle + 6KCI + SIPAE, 


Papers for the Platinotype Process.—Platinum paper, unfor- 
tunately, is no longer an article of commerce; sensitizing, however, is 
not particularly difficult. A good quality, matt drawing paper free 
from iron and other metallic impurities, is suitable and should first be 
“sized” by immersion for 10 to 20 minutes in a 3% solution of arrow- 
root, which has been boiled and filtered before use. Upon removal 


from the arrowroot solution, the paper is hung on a line and allowed to 
dry slowly without heat. 


1 Sheppard, Photography as a Scientific Implement, p. 170. 
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The sensitizing solution is prepared in three stock solutions as 
follows: ? 


A. Potassium chloroplatinite............. 166.6 gm. 727.8 gr. 
AAU CIAtOs cn erres See ee nn ee ies ho: 1000 cc. LOM oz. 
Beelierroussoxalate sa peepee eer tae. clee 22) ore 962.5 gr. 
Water tigre teen erccarenee: 1000 cc 10 oz 
Geherrousoxalatesm whe eae eee 220 > gm. 962.5 er. 
Rotassitmuychlorateariee cn eee ore 4.45 gm 21.5 er 
Water LO scamneics ent co otecheanicgs nee: 1000 cc 10 0z 
For normal negatives: .A:............ 50) ce 6% fl. oz 
WD icetonerastoese es ae sO @e 334 fl. oz 
CRG soit ae ZO Ce 2% fl. oz 
NINGWUSTES 6 Benois. cc 40 cc Se ko 
For contrasty negatives: 
CANES Se eae a: SOPCG 614 fl. oz 
1 a eee Catone oe 5 eee 614 fl. oz 
Cie ore oes 2SSsss 


The sheets of sized paper may be laid on clean glass or in the bottom 
of a white enamel tray and the sensitizing solution applied with a soft 
camel’s hair brush. After sensitizing, the paper should be dried as 
quickly as possible, in a dry atmosphere. As the paper is extremely 
sensitive to moisture, when thoroughly dry it should be transferred 
immediately to an air-tight container. A small quantity of calcium 
chloride should be placed in the storage box to absorb any moisture 
still remaining. The paper should not be removed from the container 
until it is to be placed in the printing frame. 

The exposure scale is rather longer than that of developing papers; 
the best results are obtained with a rather brilliant negative possessing 
somewhat greater contrast than would be considered necessary for 
developing papers. Clear and brilliant shadow gradation is particularly 
important. 

Exposure.—The paper should be handled only in artificial or 
very subdued daylight. The negative should be thoroughly dry. When 
printing by daylight, it is well to place a sheet of wax paper or cello- 
phane over the back to protect the paper from moisture. The image 
appears as an orange-brown deposit against the yellow surface of the 
paper. Experience is required to determine the proper exposure from 
the appearance of the partially visible image, but generally the exposure 
is sufficient if full detail can be seen in the shadow portions of the 
image. 


2 Hubl, Platindvuck; Knapp, Halle a/s. 
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Development.—The developer is prepared as follows: 


Neutral potassium oxalate............ 300 gm. 1312 gr. 
Onalichacil (pay wives tee oa ewer gy te 5 gm. PHLAS) ain 
Water tOcacchho ane enee oe eet eee 1000 ce. 10.0 oz. 


For use it is heated to a temperature of 125° to 180° F. (52° to 82° 
C.). The addition of small amounts of potassium bichromate will 
increase contrast while the addition of dilute hydrochloric acid will 
result in softer prints. Warmer tones may be obtained by the addition 
of mercuric chloride. The amount required in each case must be de- 
termined by trial. 

Since the image appears almost immediately, the paper must be im- 
mersed in the solution in such a manner that it is easily and quickly 
covered in one sweep. Any air bubbles which appear should be care- 
fully removed with a soft brush or the tip of the finger. With correct 
exposure, there is no fear of overdevelopment, and after a full min- 
ute’s immersion, the print may be removed and immersed in the clear- 
ing bath composed of hydrochloric acid 1 0z., water 50 oz. (20 to 
1000 cc.). 

After 5 minutes’ immersion in this bath, the print should be trans- 
ferred to a second bath of similar composition for 5 minutes and then 
to a third for another 5 minutes, after which it is washed for 15 or 
20 minutes in running water and dried. 

Platinum Printing (Clerc’s Process).—L. P. Clerc has given de- 
tails * of a process in which the paper is sensitized with the iron salts 
alone and the platinum compound added to the developer. 

The paper is first sized by immersion in a solution containing 8 grams 
of gelatin and 2 grams of potassium alum in 1000 cc. of water used at 
a temperature of about 125° F. (52° C.). When dry, the sized paper 
is coated with 


Mérric oxalatent acc ceca: ee ie, eee ee 25 gm. 109.4 er. 
Oxalictacidiss Sericce eee rere eee 2 gm. 8.8 gr. 
Leadoxalaten nr. not coe ee ee 1 gm. 4.4 gr. 
Distilediwaterm (hot) mere emer ee ees 1000 cc. 10.0 oz. 


using a soft, camel’s hair brush. After coating, the paper should be 
dried as quickly as possible, avoiding, however, the use of undue heat 
and, if it is not to be used at once, placed in an air-tight container. 

As the image is barely visible, it is not strictly a printing-out paper 
and the best procedure is to expose by time exactly as with a develop- 


3 Clerc, Photography, Theory and Practice, Pitman. 
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ing-out paper. Therefore, except when steady sunlight is available, 
artificial light, such as the electric arc, mercury vapor lamps, ultra-violet 
sun lamps or photoflood lamps, is to be preferred because of its greater 
constancy. : 

The developing solution is prepared as follows: 


Potassium oxalate (neutral).........'.... 200 gm. 875 gr. 
Dicsoditimephosphatessnee tere oe 50 gm. 220 gr. 
Wiaten tO ae teen taet SEP eater eee cles Ss aus 1000 cc. 10 oz. 


For use, add to each 100 cc. of the above, 10 cc. of a 10% solution of 
potassium chhloroplatinite. The developer is applied with a flat 
camel’s hair brush. When fully developed, the print is cleared in 
dilute hydrochloric acid and washed in the usual way.‘ 

Palladium Printing.—As a metal palladium is very similar to 
platinum and palladium printing likewise is very similar to platinum 
printing. Palladium, however, is much cheaper and the color of the 
image is a warm black while that of platinum is a pure black.® 

Any good drawing paper, such as Whatman’s cold pressed, Michallet 
charcoal, Strathmore or a good linen bond stock may be used. The 
less absorbent the paper, the greater the brilliancy and contrast of the 
print. Sizing is not required except on very porous papers or when 
brilliant prints are required. When sizing is necessary, the arrowroot 
formula on p. 692 may be used. 

The following formula is suggested for sensitizing. 


1.: Ferric’Oxalates. tte 26.6 gm. —‘:1163.2 gr. 
Oxalictaciditsecer oe sear a ete. 1.83 gm. 80.0 er. 
Water to- (distilled) 2% sess: 4: 100.0 cc. 10.0 oz. 

PraeLticOxala tere reer c 26.6 gm. 1163.2 gr. 
Oxalicnacid yagi ce cs ee on 1.83 gm. 80.0 gr. 
Rotasstumichlorates sae 5 gm. 30.0 gr. 
Water: (distilled) to... 525-0 es - 100.0 cc. 10.0 oz. 


4 A silver-platinum paper was issued commercially under the trade name Satista 
by the Platinotype Company of England. For details of the preparation of the 
paper and its manipulation, see Brit. J. Phot. 61 (1914) 777 or B.P. 20,022 of 
1913 issued to William Willis. 

5 Warm black and sepia prints are obtainable with the platinum process by the 
addition of mercuric chloride to the developer. 


ANDERSON—Palladium vs. Silver for Photographic Prints. Phot. Tech. 2 
(1940) Aug. p. 58. 

ANbDERSON—The Technique of Pictorial Photography. 

ANbDERSON—Hand-Sensitized Palladium Paper. Amer. Phot. 32 (1938) 
457. 
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3. Sodium chloropalladite........... 15.0 gm. 65.6 gr. 
N Vater (distilled) stoneeen en rien artr 100.0 cc. 10.0 oz. 


For prints from average negatives: 


1. 14 parts 
2. 8 parts 
3. 24 parts 


For prints of greater contrast: 


5, == jogs 
2. 22 parts 
3. 24 parts 


The sensitizing solution is applied with soft camel’s hair brush which 
should have no exposed metal parts. The solution spreads easily; in 
general, no difficulty is experienced in obtaining a coating of the neces- 
sary uniformity. When coated, the paper is hung up to dry in a dark 
place. Drying may be hastened by an electric fan or moderate heat. 
The use of heat is advisable in damp weather. If not for use im- 
mediately, the coated paper should be stored in an airtight container 
with a small quantity of dry calcium carbonate to absorb any moisture 
present in the sealed container. 

Exposure and Development.—Palladium is strictly a printing- 
out process and requires sunlight or an intense source of artificial light, 
such as the carbon arc, mercury lamps, ultra-violet sun lamps or Photo- 
flood lamps. As the image is only slightly visible, it is best to expose 
by time as when using a developing-out paper. 

Development should follow the exposure immediately as the paper 
readily absorbs moisture and the absorbed moisture results in a loss in 
brilliancy. The developing solution is prepared as follows: 


IHNEN 5 ba ocdo dh ocooadou08s 500 gm. 16 oz. 
Water (hot) ces ese arene eee 1500 cc. 48 oz. 


Warmer tones may be obtained by adding mercuric chloride. 

Use at room temperature in a glass or porcelain tray. Development 
requires about three minutes but longer immersion does not harm, as 
development proceeds to completion and then stops. The developing 
solution may be used over and over, fresh solution being added from 
time to time. 

After development, the print is cleared by immersion for five min- 
utes in each of three baths of dilute hydrochloric acid; washed and dried 
face-up on a blotter. 
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The Ferroprussiate Process.—This, the familiar blueprint proc- 
ess, is used chiefly for making copies of architects’ and machine plans. 
The relatively short scale of gradation does not lend itself well to 
ordinary subjects. The paper is coated with ferric ammonium citrate 
and potassium ferricyanide. The ferric salt is reduced to the ferrous 
upon exposure and, when the print is placed in water, ferro-ferri- 
cyanide, or Berlin Blue, is formed as a result of the reaction between 
the ferrous salt and the ferricyanide. 

Blueprint paper is obtainable commercially in a number of different 
speeds. The paper is extremely sensitive to moisture and should be 
kept in tightly sealed cans. The paper is exposed either to daylight 
or to a suitable source of artificial light such as the mercury vapor lamp 
in frames especially designed for the purpose. Most commercial print- 
ing, however, is done with continuous machines of which there are a 
number of makes. In general, the principle employed is as follows: 
An endless belt carries the tracing to be printed and a band of paper 
around a glass surface formed in the shape of a half-cylinder. This 
cylinder is illuminated from the inside usually with a mercury vapor 
tube. The paper is washed by jets of water in the same machine and 
dried between cloth belts passing over a heated drum. 

The paper is exposed until the lines of the drawing appear yellow 
on a bluish-green background. Development is effected by placing 
the print in a stream of running water for 5 to 10 minutes. Alkaline 
water should not be used as it results in bleaching of the print. 

Prints are usually hung on a line to dry but may be placed on blot- 
ters or cloth if the surface moisture is first removed to prevent drying 
marks from drops of water on the surface. 

Preparation of Blueprint Paper—Almost any paper stock may 
be used except those consisting wholly or in a large part of wood pulp. 
In general, a smooth matt paper, well sized, is preferable. 

A satisfactory means of coating small quantities of paper is to attach 
a sheet of paper to a board using stainless steel pins and apply the 
sensitizing solution with a large, flat, rubber-bound brush. A metal- 
bound brush must not be used. The paper should be coated as evenly 


Watit—The Iron Salts. A Summary of Iron Printing Methods. Amer. 
Phot. 16 (1922) 677, 766; 17 (1923) 4. 

STENGER—The Blueprint as a Photographic Copying Process. Phot. Ind. 
30 (1932) 461, 487, 409, 525. 

HarreR AND PoweL_Lt—Photographic Ferro-Prussiate Processes. B.P. 
461,893 of 22/8/35. Addn. to B.P. 427,746. 
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and as quickly as possible, going over the surface with a charged brush, 
first in one direction and then in rapid circular strokes. 

Rapid drying is essential. Either an electric fan or a hot-air dryer 
such as used by hairdressers may be employed. Paper which is 
allowed to dry under ordinary room conditions possesses poor keeping 
qualities. 

Herschell’s formula is the simplest and is still unsurpassed for a 
deep rich blue but is much slower than the two other formulas shown.® 

The sensitiveness of the paper may be increased by increasing the 
ferric ammonium oxalate and the ferric sodium oxalate, but the whites 
are likely to be blue-tinged. The addition of a small quantity of 
potassium bichromate—50 gr. to the gallon (0.9 gm. to 1000 cc.)— 
improves the keeping properties, but lowers the sensitivity.” 

Cyanotype or Positive Blueprint Process.—This process pro- 
duces blue lines on a white ground from an ordinary drawing on trac- 
ing cloth or paper. The paper is coated with a solution containing 
ferric chloride and tartaric acid. The ferric salt is reduced to the 
ferrous upon exposure to light. The application of potassium ferro- 
cyanide as a developer results in the ferrous salt being converted into 
ferric-ferrocyanide or Berlin Blue. The product resulting from the 
reaction of the ferric salt and potassium ferrocyanide is colorless and 
as it is soluble in water, is removed by washing, producing an image of 
blue lines on a white background or a positive from a positive drawing. 
It will be observed that the reaction taking place is practically the re- 
verse of that in the ordinary blueprint process.® 

Positive blueprint paper is available commercially, but is not widely 
used owing to its poor keeping qualities. 

The paper is exposed in the same manner as ordinary blueprint paper 
until the lines are distinctly visible in a clear yellow color on a bluish- 
green background. 

A 20% solution of potassium ferrocyanide is used for development. 
As it is essential that none of the developer reach the back of the print, 
the paper is pinned to a board using pins of stainless steel and the 
developer applied with a broad rubber-bound brush. Development is 

6 Willcock, Brit. J. Phot. 82 (1935) 456. 

7 Preparation of plant copying papers utilizing iron compounds: U.S.P. 1,877,246 
Kivich ; U.S.P. 2,126,504 Holden; U.S.P. 2,137,015 Crowley and Goodyear; U.S.P. 
2,093,738 Reynolds; B.P. 416,489 Murray and Spencer; B.P. 418,369, 420,900, 
442,863, 491,586, 494,572 Holden; B.P. 461,893 Harper; B.P. 462,554 Norman and 


Mason. Review of Copying Processes. Phot.Tech. I (1939) Nov. p. 38. 
8 Collet, B.P. 4632 of 1877. 


699 


©O® 


FORMULAS FOR BLUEPRINT PAPER 
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rapid, requiring about one minute. Cold water should then be sprayed 
over the surface of the print to remove the surplus ferrocyanide. After 
a preliminary washing of three to four minutes, the print is placed in a 
10% solution of hydrochloric acid for 1 or 2 minutes, then transferred 
to a second bath of the same composition, where it may be allowed to 
remain for 4 to 5 minutes and is then washed for several minutes in 
running water and dried. 

Preparation of Cyanotype Paper.—The following formula is 
suitable : 


Solution A 
Gumbarabiererncs wire 170 gm. 6 oz. 
Water! setscng cerns GWE Ro oe 630 cc. DROZ 


Martantcpacideemmesen rey eae 40 gm. 617 gr. 
Waters ited. 2, re te eerie 2 150 cc. ie BOR 135 min. 
Solution C 
Ferric chloride solution 
Specific gravity 1.453.... 113 cc. 4 oz. 


Distilled water should be used in preparing these solutions. When 
mixing the sensitizing solution, the acid solution is added to the gum 
solution, and the ferric chloride added last. The mixture should be 
allowed to stand 24 hours and then diluted with water to a specific 
gravity of 1.0. 

The paper is coated in the same manner as ordinary blueprint papers. 

The Vandyke Process.—This process is used chiefly for making 
copies of tracing plans to be used subsequently as a negative for blue- 
printing. It produces white lines on a brownish-black background. 
The paper is coated with a light sensitive iron salt and silver nitrate in 
a solution of gelatin. Upon exposure to light, the ferric salt is reduced 
to the ferrous which in turn reduces the silver nitrate to metallic silver 
when the print is placed in water. Some of the silver nitrate is reduced 
to silver by the exposure, but this is a secondary factor in the formation 
of the image.® 

Papers of this type are obtainable commercially in various grades. 
Sensitized cloth is also available. 

The paper is exposed to daylight, or a strong source of artificial light, 
in the same way as blueprint paper. The image appears as white lines 


9 Arndt and Troost, D.R.P. 6317 of 1894. 
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on a light brown ground. After the exposure, the print is washed in 
running water 1 or 2 minutes and then placed in a 2% solution of hypo. 
Fixing requires about 5 minutes, after which the print is washed for 
10 to 15 minutes and dried. 

The following is a suitable sensitizer for preparing paper of this 


type: 


Solution A 
Ammonio citrate of iron, green......... 175 gm. 1344 er. 
VVC ret he ee eee eter any Ads, SOO 1000 cc. 16 oz. 
Solution B 
Gelatin eee eet rath ot eek at nn ered atl: 30 gm. 230 gr. 
NVA CC iste rere rice Pecan Se ai a oe 500 cc. 8 oz. 
Solution C 
Silvertnitrates osc toc re 50 gm. 385 gr. 
Nig COr an tee aer te am est ie ate kd oe AEN, 500 ce. 8 oz. 


Soak the gelatin in water for 15 minutes and then dissolve by heat at 
45°C. (100° F.), filter-and add A, Then add B but do not: stir. 
Keep the solution warm while sensitizing the paper. 

The sensitizer is applied in the same way as when sensitizing blue- 
print paper and it should be dried rapidly, although not at so high tem- 
perature as ferroprussiate or cyanotype paper. 

Kallitype——Unlike the processes described previously, the uses 
of which are restricted to the reproduction of plans and sketches, 
Kallitype is suitable for subjects of a pictorial nature. 

There are two methods of working the process; in the first, the 
paper is coated with a ferric salt, usually the oxalate, and silver nitrate. 
Upon the exposure to light, the ferric salt is reduced to the ferrous, 
and upon development in a solution containing borax and rochelle salt, 
the silver nitrate is reduced to metallic silver, The second method con- 
sists in the use of the iron salt alone as a sensitizer, followed by develop- 
ment in a solution of silver nitrate. 

The formulas which follow are due to James Thomson.?° 


10 Amer, Phot. 17 (1923) 442. 


Tuomson—Possible Substitutes for the Platinum Print. Amer. Phot. 11 
(1917) 642. 

Tuomson—Kallitype. Amer. Phot. 17 (1923) 422. 

VaLENTA—Kallitype (an excellent summary of previously published papers 
on the subject). Bibliography. Das. Atelier 27 (1920) 10. 
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Citrate of iron and ammonia (brown)... 73.4 gm. S2iere 
Permictoxalate iy.) pce tetas 36.6 gm. 16 gr. 
Rotassimyoxalatene eee eee 75.4 gm. 33 gr. 
Copper chlorides ere eeae eer 9.15 gm. 4 or. 
Gitricvacidaiseriae. tere wenn eae 9.15 gm. A gr, 
Stlversnitrate stares. are ee eee 22.9 gm. 10 gr. 
Oxalic acid Ceea see peer ee ere 22.9 gm. 10 gr. 
Gummarabic.ceaeienr ce Tea eee eee 22.9 gm. 10 gr. 
Distilled" water tommalkenarn sa-eiee e 1000 ce. 1 oz. 


Potassium bichromate solution (20 grains to the ounce or 45.7 gm. 
to 1000 cc.) as required. 


From 5 to 10 drops of the latter to each ounce of the sensitizing solu- 
tion is the normal quantity but where greater contrast is desired, the 
amount should be increased. 

After mixing, the solution should be stored in a dark place for 24 
hours. Before sensitizing, it should be filtered through cotton. 

Any good linen paper will serve if given a preliminary sizing. Either 
arrowroot or gelatin may be used for this purpose. Gelatin is perhaps 
the simpler. The following formula is suitable: 


Gelatin ie Ase, ae eee Ee 11.43 gm. 50 gr. 
Powdered alums e206 ewe ace ree 6.86 gm. 30 gr. 
Water tosmakes a eiprst. cs eet eee 1.0 liter 10 oz. 


First allow the gelatin to swell in cold water and then with constant 
stirring add it and the alum to the remainder of the water and bring to 
the boiling point. The sizing solution may be applied with a broad 
flat brush or with a cloth pad. After coating, the sheets are suspended 
from one corner in a warm room and allowed to dry normally. 

The sensitizing solution is applied with a flat camel’s hair, rubber-set 
brush, and the paper is dried as rapidly as possible, using a moderate 
amount of heat. 

Either daylight or a strong source of artificial light may be used for 
printing. The image is faintly visible and of a tawny hue. Usually 
only the shadows and some of the half tones will be visible when the 
paper is properly exposed. 

The developer is as follows: 


Silvernitrateaen.pyeiee yee eye are CRT ee 91.5 gm. 40 er. 
Citrictacid eee e at aera tating ae 22.9 gm. 10 gr. 
Oxalic acide ipa eee 22.9 gm. 10 gr. 
Distilledswaters seek ere nn ee 1000 cc. 1 oz. 


phate e2) 3. Sa eee serena ee eee 4 gm. DVT: 
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For use, take one part of stock solution to seven parts of water. 
Greater contrast may be obtained by using a more concentrated de- 
veloper. 

Immerse the print face down and turn over immediately to break 
bubbles which, if permitted to remain, will result in white spots. Allow 
the print to remain in the developing solution for one minute, rinse well 
and fix for 5 to 10 minutes in a plain solution of hypo as follows: 


Finally, wash for 15 to 20 minutes in running water. 

Diazo Processes.—A large number of processes based upon the 
sensitiveness of diazo compounds have been patented, but only a few 
papers of this type have actually been placed upon the market. The 
papers available are designed for making copies of tracings and draw- 
ings and for this purpose are tending to supplant the blueprint processes. 

The fundamental reaction in these processes is the formation of a 
colored azo compound from the reaction between a phenolic or amino 
compound and a diazo compound. This reaction, which is termed 
coupling, takes place most readily with phenolic compounds in the 
presence of an alkali and with amino compounds in a neutral or slightly 
acid state. Most diazo compounds are sensitive to light; once decom- 
posed, they are unable to couple with an azo dye component and can- 
not, therefore, be converted into a colored dyestuff.'t Four types of 
diazo papers are possible : 


1. Diazo compound A decomposed by light to B; developed by the 
application of a coupler C in alkaline solution which reacts to give a 
colored product with A but not with B.™ 

2. Diazo compound A and coupler C coated together but prevented 
from reacting by the presence of an organic acid. Such papers are 
developed by bathing in a weak alkali; or, by exposing to ammonia 
vapor.'* 

3. Diazo compounds A and C coated together but with the latter com- 
pound modified by the formation of additional compounds in such a 
manner that it will not couple in a neutral condition, development being 


11 Murray, Phot. J. 63 (1933) 6 (Suppl.). 

12 Spencer, Phot. J. 58 (1928) 490. 

13 Green, Cross and Bevan, G.P. 56,606 of 1890; Brit. J. Phot. 37 (1890) 637. 

14 Koegel and Neuenhaus, G.P. 376,385, 386,433; B.P. 234,818 of 1926; B.P. 
210,862 of 1924. 
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effected by breaking up the addition compound by ammonia vapor, 
heat or the like. 

4. Diazo compound A which is decomposed by light into compound D 
capable of coupling with unchanged A on standing, or on making the 
paper alkaline.’ 

In the Ozalid paper of Kalle and Company, which is based upon the 
patents of Koegel and Neuenhaus, the paper is coated with a diazo 
anhydride which does not couple directly with an azo component in a 
neutral condition but takes place readily in an alkaline condition. 

The paper is first exposed to light beneath the tracing, the exposed 
portions bleaching while the unexposed portions retain the color of 
the diazo compound with which the paper is coated. The image is then 
exposed to ammonia vapor which converts the unexposed portions to 
a dye image the color of which depends upon the diazo compounds with 
which the paper is coated. At the present time brown, black, blue line 
papers are available. No fixing or washing is required ; hence distortion 
due to the shrinkage or expansion of the paper is eliminated and meas- 
urements and computations may be made from the print with the assur- 
ance that it is an accurate copy of the original tracing. 


15 Peer, G.P. 53,455 of 1889; Eder’s Jahrbuch 5 (1891) 529. 


Murray—Diazo Compounds in Photography. Phot. J. 73 (1933) (Suppl.) 
6. 

SEDLACZEK—Diazotype. Phot. Ind. 33 (1935), 1062, 1064, 1082, 1084, 1108. 

SEYEWETzZ AND Mounrer—Action of Light on Diazonium Compounds and 
Azo Dyes. Bull. Soc. Chim. Fr. 43 (1928) 827; Sci. et Ind. Phot. 8 
(1928) 231. 

SPENCER—Photographic Applications of Diazo Compounds. Phot. J. 68 
(1928) 490. 


CHAPTER XXVII 
FINISHING AND MOUNTING THE PRINT 


Methods of Finishing Photographs.—In artistic hands, the ap- 
plication of a pigment of suitable color, which for black prints may be 
compounded of lamp black and Payne’s gray, may be used to good 
advantage to build up shadow areas which lack depth, or to darken 
halftone areas. The print should first be uniformly covered with 
medium, sometimes known as megilip, the pigment reduced to the 
proper consistency by dilution with the thinning medium using a clean 
glass plate and a pallette knife and, after having been spread out in a 
thin layer on the glass, is applied to the print with a circular rubbing 
motion using a tuft of absorbent cotton. The pigment may be re- 
moved from small details, which should not be darkened, with a wisp 
of cotton about the end of a match dipped in the thinning medium. 
If a mistake is made, the pigment may be removed entirely with a soft 
cloth moistened with turpentine. 

The finishing of prints with pastel crayons is not as popular as in 
years past, but a modification, known as the abrasion process, developed 
by Mortensen,’ has been used by him and his students with great 
success. 

The airbrush finds widespread use in the retouching of photographs, 
especially for reproduction.” 

Coloring or Tinting of Photographs.—Photographs may be 
colored, or tinted, with pastel, water or oil colors, however, the first 
mentioned is now little used. 

Prints for coloring should be lighter than for ordinary requirements, 
as the depth of the image is increased by coloring. Semi-matt and 
matt surfaces are preferable. Glossy surfaces can be colored but are 
more difficult. 


1 Mortensen, Print Finishing (San Francisco 1939). Mortensen, Popular Pho- 
tography 3 (1938) Aug., Sept., Oct., p. 20. 

2Kadel, Airbrush Art. Stine and Frasier, The Airbrush. Shures, Popular 
Photography 3 (1938) Aug. p. 17. 


Jamieson—Pictorial (Retouching) Control and Material for Use Therein. 
WS. By 2,108,2615519354. 
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When water colors are to be used, the print should first be soaked 
for at least one-half hour in water in order that the gelatin may swell 
and accept the color well. With some papers which have’ an extra- 
hardened, super-coating, it may be advisable to soak the print for 10 
to 15 minutes in a weak (2 to 5%) solution of ammonia. When 
ready for coloring, place the print on a sheet of glass, or other smooth 
water-proof surface, and blot off the surface water with a viscose 
sponge or lintless blotting paper. Prepare much diluted solutions of 
the required colors and apply with sable or camel’s hair brushes, blotting 
off the surplus solution after each application. Use only light washes 
of color, building up to the color required through successive applica- 
tions. Concentrated colors, however, can be used for touching up 
small, brilliantly colored details. Mixed colors may be obtained either 
by mixing the colors in solution or by successive application of the 
colors to the print. 

In coloring with oil, the transparent colors sold for coloring photo- 
graphs should be used rather than the opaque pigment of the artist. 
The dry print should first be covered uniformly with medium using a 
tuft of absorbent cotton. The surplus is then removed with a clean 
piece of silk or absorbent cotton. The color is applied either with or 
without dilution with the thinner, depending upon the colors used and 
the effect desired, using tufts of cotton or pieces of silk, rubbing the 
pigment in well to obtain even distribution. If the color is found to be 
too strong, it may be rubbed down with a piece of clean cloth or 
absorbent cotton. Small areas may be colored by wisps of cotton 
wrapped around the end of a match. The color may be removed where 
it is not wanted by the application of the medium, or a cleaning solu- 
tion, on a clean soft rag or, if the area is small, a sable brush dipped in 
the medium may be used. Mixed colors are obtained by rubbing in 
first one of the required colors and then the other, blending by re- 
peated application until the desired admixture has been obtained.* 

Prints tinted with oil should be given from 12 to 24 hours to dry 
before mounting. Dry mounting is recommended. 

Print Trimming.—Many prints are greatly improved by judi- 
cious trimming to eliminate unnecessary or objectionable subject matter 
and improve the composition. 

A convenient means of determining how a print should be trimmed 
is afforded by two L shaped pieces of cardboard or opalescent celluloid. 


’ Tobias, The Art of Coloring Photographic Prints. American Photographic 
Pub. Co. (Boston). 
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These may be placed on the print so as to form a frame the size and 
proportions of which may be altered at will and the effect studied. 
When the best composition has been decided upon, light pencil lines 
may be placed on the print as a guide for trimming. (A china mark- 
ing pencil may be used with gloss papers.) 


Fic. 345. Celluloid Squares Used in Determining the Proper Trimming of Prints. 


If the print is to be mounted with paste, it may be trimmed at once; 
prints to be dry mounted, however, should not be trimmed until the 
mounting: tissue has been attached in order that both may be cut to 
exactly the same size. 

Prints are usually trimmed on a trimming board (Fig. 346). The 
print should be held firmly in place with the left hand to prevent 
slipping. 
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If a trimmer is not available or the print is larger than the blade 
of the trimmer, a straight edge and a sharp knife or a safety razor 
blade in a holder may be used. The print should be placed on a sheet 
of zinc, glass, wall board or heavy cardboard. 


Ee ‘ Re 


si 


Fic. 346. Print Trimmer in Use. 


Oval or circular prints are best trimmed with the aid of metal 
trimming guides, which may be obtained in various sizes from the 
larger dealers, and a swivel wheel cutter. 

Mounting.—A print is not really, complete until mounted. The 
function of the mount is to form a frame for the picture, a background 
which will separate it from its surroundings and display it more effec- 
tively. White or light mounts are preferred at the present time. A 
white mount, however, has the effect of increasing the apparent depth 
of the shadow portions of the print, especially if the margins are 
generous, and in such cases, it is usually desirable to make the transi- 


TYPES OF MOUNTS ooo 709 


tion from the picture to the mount less abrupt by double-mounting 
(p. 710), so that the picture is enclosed within a narrow gray or black 
frame. In general, this inner mount should be lighter than the dark- 
est tones of the picture and darker than the highlights; if, however, 
the margin is a line, it may be a solid black. 

The color of the mount is-also important. A brown-black or sepia 
print, for example, will seldom appear to good advantage on a neutral 
gray or pure white. Usually it will appear to much better advantage 
on a warm gray, ivory or cream mount. On the other hand, a cold 
gray print does not appear to good advantage on a warm-colored 
mount. ; 

Mounting materials having a distinct color are in disfavor and 
brightly colored papers are undesirable even for toned prints. 

The size of the mount is largely a matter of personal opinion al- 
though for exhibition purposes there are certain sizes which are 
recognized by the leading salons as standard. In general, the smaller 
the print the larger the mount may be in proportion. 

In placing the print on the mount, the usual practice with a vertical 
subject is to make the margins on the sides and top equal and that 
below the picture considerably wider. With a horizontal subject, the 
usual practice is to make the margins at the sides and below equal and 
that above the picture somewhat less. 

Types of Mounts.—The types of mounts to be described in this 
chapter are: 


1. The line mount which consists of a narrow pencil or ink line on 
the mount around the picture. (Fig. 347.) 

2. The lined slip-in mount. ' This differs from the line mount in 
being in two pieces: (1) the front with a cut-out opening which frames 
the picture and on which the surrounding line is placed, and (2) the 
back to which the picture and the front piece is attached. (Fig. 348.) 

3. The plate-sunk or embossed mount. In a plate-sunk or embossed 
mount, the center area occupied in part by the picture is depressed so 
as to produce the effect of a frame. The term “plate sunk” is derived 
from the depression produced by the plate when making a print from 
a copper plate etching. Frequently, photographic prints are made 
with wide margins and the paper sunk to produce the effect of an 
etching. (Fig. 349.) 

4. Double mounting. A doubie mount is made by mounting the 
print first on a sheet of thin mounting stock which is then trimmed to 
leave a narrow margin and then attached to a larger sheet of heavy 


710 ©o® FINISHING AND MOUNTING THE PRINT 


Fic. 347. Line Mount. Fie. 348. Lined Slip-in Mount. 


Fic. 349. Plate Sunk or Embossed Ie. 350. Double Mount. 
Mount. 


mounting stock. The contrast between the first and second mount 
gives added emphasis to the picture. In selecting papers for the two 
mounts it is usually desirable to avoid strong contrasts. The first, or 
inner, mount may be either lighter or darker than the other ; in general, 
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the greater the tone contrast between the two the greater the difference 
in the width of the margins. (Fig. 350.) 
To prepare mounts, the following materials will be required: 


Mounting papers. 

Trimmer. 

Sharp knife or safety razor blade in suitable holder. 
Ruler. 

Glue. 

Pencil. 


Black ink. 


Papers suitable for mounting may be obtained from stationers, from 
printers by whom it is known as cover stock, and from artists’ supply 
stores. 

Preparing a Line Mount.—In preparing a line mount, the print 
is first mounted and then the line placed around the picture. After the 
print has been mounted, the position of the lines is decided upon. Two 
L-shaped pieces of cardboard may be used to advantage in determining 
the spacing which produces the best effect. The width of the margin 
is a matter of personal taste but in general, the sides and the top will 
be equal and the bottom somewhat greater. 

_ Mark lightly in pencil the positions of the lines on the mount. Then 
cut a piece of cardboard the size of the area enclosed within the lines. 
Place this on the mount so that its edges coincide with the marked posi- 
tions, and then draw the lines around the card, using a soft lead pencil 
and taking care to make the corners neat. In some cases, the appear- 
ance is improved by retracing the lines with a pencil freehand. 

Making a Lined, Slip-In Mount.—The pieces of cardboard which 
are to form the front and back parts of the mount are first cut to the 
approximate size. The color and quality of the card stock used for the 
back are not important, as it is not seen. A piece of cardboard the size 
of the print is then cut and located on the cover of the mount in the 
position to be occupied by the picture. Draw a line around the card, 
and then with a straight edge and a sharp knife, or a safety razor blade 
in a holder, cut out the center portion cleanly. 

Using the two L-shaped pieces of cardboard, determine the positions 
of the framing lines. Trace the lines lightly in pencil at first, then 
remove the cardboard guides and retrace the lines, using a straight edge. 

The next step is to attach the front and rear portions of the mount. 
Apply a thin line of glue along the upper edge of the back portion, lay 
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the upper half on it and place the two under pressure for several 
minutes. 

Now apply a thin line of glue to the back of the print along the top 
and place the print in the proper position on the mount. Apply a thin 
line of glue along each of the three remaining sides of the mount and 
place under pressure for 10 to 15 minutes. Finally, trim the outside of 
the mount. 

An attractive effect is produced by using either lighter or darker toned 
card stock for the front or cover portion of the mount, and making it a 
triflle smaller than the rear portion so as to produce a narrow contrast- 
ing margin to the mount. In this case, the cover portion must be 
trimmed to the proper size before being attached to the back portion. 

Making a Plate Sunk or Embossed Mount.—Mounting stock of 
suitable color and surface and not over 1/32 inch thick, is first cut to 
the approximate size. The positions of the print and the embossed lines 
which will be placed around it are then marked with light pencil lines. 


Fig. 351. Using an Embossing Tool to Prepare an Embossed Mount. 


A piece of cardboard the size of the area to be depressed is cut and 
attached to the mount with a drop of glue placed near the center of the 
area to be occupied by the picture. The mount is then turned over and 
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the back moistened with a wet sponge along the lines to be embossed. 
Several minutes are allowed for the water to soak in and the edges of 
the card underneath are located with the fingers. The mount is now 
embossed, or depressed, along the lines of the card underneath by fol- 
lowing the outline with an embossing tool (Fig. 351); care should be 
taken to make a clean cut and uniform impression. 

When this has been completed, the cardboard is torn off and the 
print mounted, using either a thin line of glue along the top or by dry 
mounting. Finally, the pencil lines are erased and the outside edge 
trimmed to the proper size. 

Double Mounting.—First trim the print to the proper size and 
attach to the first mounting stock, preferably by dry mounting, otherwise 
by means of a thin line of glue placed on the back of the print along 
the upper edge. 

Next, trim the mount so as to leave the desired margins around the 
print. The width of the margins depends upon the size and character 
of the print and personal preference, but should be greater at the bottom 
than along the three remaining sides. 

Cut the card stock for the second mount a trifle large and indicate 
on it by light pencil lines the position of the mounted print. 

Finally, attach the mounted print and trim the outside of the mount 
to the required size. 

Commercial Mountings.—Mounts and folders (for portrait 
work) are available commercially, the latter particularly in large variety. 


Fic. 352. Commercial Mountings for Professional Studio Portraits. 


Unfortunately the artistic taste displayed in their design is frequently 
open to question and one is largely restricted to set sizes and proportions 
which may or may not be suitable for a particular print. 
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Folders designed for professional portraiture may be broadly divided 
into three classes: (1) the inslip folder, having an opening behind which 
the print is mounted; (2) the easel folder and (3) the corner pocket 
folder, having small pockets at each corner into which the corners of 
the print are inserted. 

Mounting with Paste.—Prints to be mounted with paste should 
be trimmed first and then soaked in water for 10 to 15 minutes. Upon 
removal from the water, they should be placed face down on a piece 
of heavy glass, or a ferrotype plate, and the surplus water removed 
by rolling with a print roller. Photo mounting paste is applied smoothly 
to the backs, using a broad, flexible brush. The print is then lifted up 
by inserting the finger nail or the tip of a knife under one corner and 
placed in position on the mount. Place a clean blotter over the print 
and go back and forth over it until the print adheres firmly to the 
mount. Lack of contact can be seen by holdng the mounted print at 
an angle. Any raised places indicate insufficient pressure, a lump of 
~ paste, or an obstruction of some kind. If the latter, peel up one corner 
of the print, remove the obstacle, and go over the print with the roller 
a second time. 

Finally, go over the surface of the print and along the edges with a 
moistened sponge, tuft of cotton, or cloth, to remove any paste which 
may have found its way to the surface of the print. Then place the 
mounted print on one side to dry. 

Ferrotyped prints cannot be mounted with paste as the glazed sur- 
face is affected when the print is placed in water. 

Dry Mounting.—Dry mounting is undoubtedly the most satis- 
factory of all methods of mounting. It is simple and convenient; the 
print is separated from any impurities in the mounting stock which 
might affect its permanency ; and prints may be mounted on the thinnest 
of card without curling. It is the only really satisfactory method of 
mounting ferrotyped or colored prints solidly. Dry mounting tissue, 
which is a thin tissue coated with a composition which melts when 
heated, can be obtained in rolls or in cut sheets from dealers in photo- 
graphic supplies and is inexpensive. 

The print is first laid upon its face and a piece of dry mounting tissue 
of the same size attached to the back with the tip of a hot iron or an 
electric tacking iron. The tacking iron should not be too hot or the 
print may be discolored. The print is then trimmed so that the tissue 
is trimmed with the print. The print is then placed in the desired po- 
sition on the mount, covered with a piece of thin cardboard and placed 
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underneath a heated dry mounting press (Fig. 353) or a hot iron. 
From 15 to 30 seconds are required at a temperature of 185° to 225° F. 
to melt the tissue. Several impressions will be required when mounting 
large prints with an electric iron in order to cover the surface. The 
weight of the iron is usually sufficient, but do not rub. 


Fre. 353. Dry Mounting Press (Eastman). 


If the print fails to adhere, leaving the tissue on the mount, the 
mounting press, or the iron, is too hot. If the print adheres to the 
tissue but not to the mount, the press is too cold. A temperature from 
180° to 225° F. is satisfactory for most papers. Imperfect adherence 
of the print is usually due to uneven pressure. Irregular glossy mark- 
ings or discoloration on the print are due to the press being too hot or 
the print being damp. 

Backing Prints with Cloth.—Prints which receive considerable 
handling, as in salesmen’s albums or in record books, are frequently 
mounted on cloth for added protection. Formerly, ordinary cloth was 
used for this purpose, but today, a special photographic mounting cloth 
similar to that used by bookbinders is generally employed. This stout 
cloth is coated on one side with an adhesive and is supplied in various 
weights and colors. 

In mounting glossy prints, the wet print is first placed on the squeegee 
tin. A sheet of mounting cloth slightly larger than the print is then 
dipped in water momentarily, drained, and then laid over the print. 
Finally, the plate and its adhering print and cloth are squeegeed either 
with a print roller or wringer. 
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In mounting matt prints, the wet print is first placed on a sheet of 
heavy plate glass. The sheet of mounting cloth is then dipped in water 
momentarily, drained and then laid on the print. Finally, the print is 
squeegeed to the glass, then stripped and dried as usual. 

Two matte prints may be mounted back to back by using the double 
photo mounting cloth having adhesive on both sides. One of the wet 
prints is placed face down on a sheet of heavy glass. The glass is 
placed on an illuminator or a printing machine, and the wet cloth laid 
down over the print. The second print is then placed in position, using 
the light from below to register the two prints. The prints and cloth 
are then stripped from the glass, squeegeed, and dried in the usual way. 

Spotting.—After mounting, spots, either light or dark, should 
receive attention. Dark spots are usually the result of dust on the 
film at the time of the exposure and should be removed in the negative. 
If this has not been done, the etching knife must be used to scrape off 
the silver deposit from the spot until it maches its surroundings. If 
this is not done carefully, the spot may be made too light and it will be 
necessary to darken it with the spotting brush. 

White spots are usually due to dust on the paper or negative when 
making the print. <A little attention to the avoidance of dust at this 
stage will save hours in spotting the prints. 

Colors for spotting photographs are supplied on celluloid cards con- 
taining four colors, black, white, cold brown and warm brown, but ordi- 
nary water colors may be used. A small sable brush (No. 1) is re-_ 
quired. Moisten the brush between the lips and take up some of the 
color on the tip. Hold the brush vertically with respect to the surface 
of the print and bring the tip down on the print so that it covers the 
spot. If the amount of color deposited is insufficient and the spot is 
too light, take up more color and apply a second time. Should the spot 
be too dark, moisten another brush between the lips and remove some 
of the color until the spot matches its surroundings. 

Large spots must be stippled in, using much the same touch as in 
retouching portrait negatives. If filled in solid, they are made more 
conspicuous, ; 

Waxing Prints.—Prints on matt papers are frequently im- 
proved by waxing. The shadows gain in depth and appear more lust- 
rous. Commercial preparations are available for this purpose, or a 
solution of paraffin wax in gasoline may be used. This is applied with 
a soft cloth. A weak solution of gum arabic applied with an atomizer 
is also very effective. 
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Waterproofing Prints.—Prints which are to be displayed in 
the open without the protection of glass or are to receive much handling 
should be waterproofed. Commercial preparations (Kodak W. P.) are 
available for this purpose, or the print may be immersed in the follow- 
ing solution: 


1 BY6) G2 cents Nell winery poner A ereacs hed cre omen 30 gm. 300 gr. 
Glycerine 2558 Beat to ea a hottn es 30 ce. 300 min. 
Shell ace ra seah ists Eire rae 70 gm. 600 gr. 
Witt Cinta g ey rpeortera srs torre ty edie 1000 cc. 20 oz. 


Boil for one-half hour and add: 


IMethylralcoholiess ear cricaacc eee 250 cc. 5 oz. 


Varnishing Prints.—The following formula is suitable and re- 
sults in a high gloss: * 


‘Pransparentscellitloidhyyy mais tes sete eestor nee «sesh 1 oz: 
(Castoig oil eer eerie Ai ee tee rn rE ors YY oz. 
PATTY LRA CCUCALG Meet pre oot on on et are ee Oe ayer a OOz. 
Meth lRalco lola ares” aes Ba aicvah rans eyeporSerere cts, < APS OZ: 


The transparent celluloid may be obtained from cleaned off film. 
The dry prints are immersed in the solution for one minute, then 
drained, and hung up by one corner to dry. 


4Moir, Brit. J. Phot. 75 (1928) 343. 


CHAPTER XXVIII 
LANTERN SLIDES AND TRANSPARENCIES 


Sensitive Materials for Lantern Slides.—Lantern slide plates are 
available in three degrees of contrast—soft, medium contrast, and extra 
contrast—and in 3 sizes, namely 2 X 2, 314 & 4 and 314 & 314 inches. 
The first two are standard sizes in this country, while the last is the 
English standard. 

Positive motion picture film (35 mm.) on a safety base is suitable 
for lantern slides 24 & 36 mm. which are enclosed in 2 X 2 glass 
plates for use in the projector. Positive film is generally obtainable 
with a “regular” and a “high contrast” emulsion.t 

The sensitometric characteristics of two typical emulsions for lantern 
slide materials are shown in Fig. 354. It will be observed that, as in the 
case of negative materials, the contrast of the image varies with the 
degree of development, thus providing a control over image contrast 
which is largely absent in positive processes on paper. 

Exposing.—The maximum image dimensions on 2 X 2 slides, 
with most projectors, is about 40 * 40 mm. The standard mask sizes 
are 23 X 33.4 mm. (29/32 *-15/16 inches) and 26.2 K 38 mm. (1%. 
x 1% inches). With 314 414 slides, the maximum picture dimen- 
sions are about 244 inches vertically and 3 inches horizontally. Ob- 
viously, if the negative, or the portion of it to be included in the slide, 
does not exceed these dimensions, the slide may be printed by contact. 

In this case, either a printing frame or a printing machine may be 
used. Since lantern slide plates and positive film are somewhat faster 
than the average contact printing paper, it may be necessary to replace 
the usual lamps with 10 watt bulbs, or place one or more sheets of ordi- 
nary white paper over the lamps, to obtain exposures of convenient 
length. The printing frame, or machine, must produce perfect contact 
between negative and slide plate or film. If there is any doubt on this 
point, a test slide should be made of a discarded negative scratched with 
a knife blade, and the sharpness of the image studied with a magnifier. 

1 Lantern slides may be made directly in the camera without the necessity of 
making a negative through the use of reversal film now available in rolls. See 
p. 729. 
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No mask of any kind should be used, as it may affect the sharpness of 
the image at the margins. The undesired* portions of the image may 
be masked on the slide itself before it is bound. 

Care should be taken that the vertical lines in the subject or the 
horizon line is parallel with the sides of the slide. It is important to 
remember with 314 & 4 lantern slides that the vertical lines of the sub- 
ject must always be parallel with the shorter dimension of the slide. 

It is well to cover the back of the slide material with a sheet of black 
paper or black velvet to reduce the danger of halation from light re- 
flected back into the emulsion from the rear. Anti-halation films and 
plates are preferable, particularly for line work. 

If motion picture positive film is used, it may be cut up into pieces 
about 2 inches in length or, if the negatives are of similar contrast so 
positive images of the proper contrast will be obtained with uniform 
development, the film may be exposed in strips and developed in the 
usual way in a developing tank. ; 

To determine the exposure, the film or plate may be exposed in strips 
by placing a card over the negative and successively covering or uncover- 
ing strips of about 14 to % inch wide. Upon development, the proper 
exposure may be determined from the exposure for the section having 
the required density. 

If the negative is larger than the picture area available on the slide, 

the slide must be made by projection printing or, as it is sometimes 
termed, by reduction. In making reductions, the distance from the 
“negative to the lens is greater than the distance from the lens to the 
film or plate, while the reverse is true of enlarging. Most projection 
printing equipment is suitable for making reductions, although fre- 
quently the bellows extension is insufficient. In this case, it may be 
possible to use a lens of shorter focal length, or to increase the bellows 
extension by the use of an extension cone. 

An alternative method is to place an illuminator on the easel, and on 
this the negative, masking off all light except that transmitted by the 
negative, remove the lamp house and focus the image on a sheet of 
ground glass placed in the negative carrier of the enlarger. When 
sharp focus and an image of the proper size have been obtained, the 
ground glass is removed, the lantern slide substituted and the exposure 
made either by means of the shutter or, if none is available, by turning 
the light in the illuminator on and off. 

Still another method is to place the negative on an illuminator and 
photograph with a camera carrying the slide plate in a plate holder 
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fitted with kits of the proper size or a focusing camera back taking 35 
mm. film in the usual cartridges. If the negatives vary in size, some 
arrangement for keeping the camera and illuminator in line when mov- 
ing one or the other back and forth in making the different reductions 
will be a decided convenience. 

Developers and Development.—As the sensitive materials sup- 
plied for the making of lantern slides differ in their characteristics, the 
formulas and developing times recommended by the manufacturer 
should be followed, at least until experience indicates the direction in 
which they may be modified for a particular purpose. 

While it is quite practical to develop lantern slides by time, greater 
latitude is afforded by developing by inspection, as is the general prac- 
tice with paper prints. Since, in most cases, as much light may be used 
for development as is safe for rapid projection papers, no real difficulty 
is experienced in following the course of development and, with a little 
experience, the density and contrast of the image may be judged quite 
accurately. With some sensitive materials, the progress of develop- 
ment may be judged quite accurately by the appearance of the image 
by reflected light, while in the developing tray, assuming of course that 
a white, steel enamel tray is used. When the image is examined by 
transmitted light, its density and contrast are seen more clearly if 
viewed from the support side; i.e. with the emulsion side of the film, 
or plate, facing the safelight. Care should be taken to avoid undue 
exposure to the safelight. While lantern slide materials are much less 
sensitive to light than negative materials, they cannot be exposed 
indefinitely to the light of the recommended safelights, as these have 
been designed to produce the greatest volume of light which is con- 
sistent with reasonable safety. Furthermore, fog is even more serious 
in a positive image for projection than in a negative. Frequent and 
lengthy examinations of the image during development not only increase 
‘the danger of fog from excessive exposure to the safelight, but from 
oxidation of the developer as well (see oxidation fog, p. 559). 

Fixing, Washing and Drying.—After development, the slide 
should be rinsed briefly, but thoroughly, in cold water and transferred 
to an acid fixing and hardening bath. In warm weather, it may be 
advisable to harden the film or plate in a hardening stop bath of chrome 
alum before fixing. Fixing will require from 5 to 10 minutes in a 
fresh bath and should not be unduly prolonged, or the weaker densi- 
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ties of the image may be reduced resulting in weak “washed out” 
highlights.” 

After fixing, the slide should be washed for 15 to 20 minutes in 
running water free of grit and sediment. A water filter may be used 
to advantage with many sources of tap water. Tests for the presence 
of hypo may be made using one of the methods described in Chapter 
XI. 

Upon removal from the washing tray, or tank, the surfaces of the 
slide should be wiped free of adhering dirt and precipitated substances, 
using wet absorbent cotton, a viscose sponge or chamois, and then 
placed in a current of warm dust-free air for drying. Usually it is 
undesirable to force the rate of drying by the application of heat, The 
effect of forced drying conditions on the density and contrast of the 
image in general, are more marked with fine-grain, thinly coated 
materials of this type than with negative materials.* 

Exposure and Development in Relation to Image Quality—The 
test of a lantern slide is the image on the projection screen. If the 
projected image is neither too light nor too dark and has the proper 
contrast both for the picture as a whole and for individual tone differ- 
ences to represent properly the subject, then the slide is a good one 
insofar as the reproduction of tone is concerned. The density-level 
and contrast of the slide must, therefore, be such as to produce a 
satisfactory screen image with the projector, screen, distance, etc., in 
use. Thus, while some idea of the quality of a‘slide may be obtained 
from direct examination in front of an illuminator, it should be pro- 
jected and the screen image studied before making a final decision on 
its quality. The making of good slides thus involves the adjustment of 
exposure and development to one another so as to produce a positive 
image which has the proper density level and contrast to result in a 
satisfactory reproduction of the subject, when the slide is projected. 

With a given time of development, the exposure determines the 
average density; the greater the exposure the higher the density level. 
With insufficient exposure, the density differences in the highlights 
are too slight to produce good reproduction: of the corresponding 
brightness differences of the subject. The middle tones and shadows 
may also be lacking in density. The image as a whole, therefore, is 
deficient in contrast and, owing to the low density level, the projected 
image is too light to represent properly the subject. 


2 Crabtree and Russell, J. Soc. Mot. Pict. Eng. 18 (1932) 371. 
3 White, J. Soc. Mot. Pict. Eng. 29 (1932) 340. 
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With increased exposure, the average density of the image increases 
and the projected image becomes darker and darker. Detail in the 
shadows first appears degraded and lacking in brilliancy and with still 
greater exposure disappears altogether. At the same time, the high- 
lights become too dense, causing a loss in the brilliancy of detail within 
this portion of the image. Overexposure, therefore, results in (1) a 
dark screen image, (2) in lower image contrast, and (3) in degradation 
of both highlight and shadow detail. 

The time of development affects both contrast and density. As the 
time of development is increased, the density range—contrast—of the 
image and also its average density are increased. It is obvious, there- 
fore, that exposure and development must be properly adjusted to one 
another if a satisfactory image is to be obtained on the screen. 

The following table may be of some value in determining the changes 
in exposure and development necessary to improve an unsatisfactory 
result. 


Appearance of Slide ) Cause Remedy 


Lacks density generally Underexposure 
Density sufficient but lack- |Underdevelopment 
ing in contrast 


Lacks density and contrast Underdevelopment Develop longer, if density is 
and possibly un- still lacking increase ex- 
derexposure posure. ' 

Too dense Overexposure Reduce, or better, make new 

slide. 

Highlights weak and washed —_ Underexposure and Increase exposure and de- 

out—shadow densities sat- overdevelopment velop for a shorter time. 
isfactory 


Shadow densities also light | Underexposure 
and lacking in clearly de- 
fined detail. 

Shadow densities lack detail | Overexposure 
—dark, highlights clouded. 


Shadow densities lack detail Overdevelopment Reduce developing time. 
—dark, highlights satis- 
factory. 
Highlights clouded, shadows Overexposure and New slide—less exposure and 
still lacking in density. underdevelop- longer development. May 
ment require slide film or plate 


of greater contrast. 


Warm Tones by Development.—Brown and brown-black tones 
may be obtained on lantern plates with emulsions of silver bromide or 
silver chlorobromide by using developers containing a silver solvent 
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such as ammonium carbonate or thiocarbamide. The effect of using 
such a developer is to produce an image consisting partly of relatively 
coarse particles of silver and partly of finely divided particles of silver 
which are deposited from the developer upon the development centers, 
or nuclei, existing in the exposed grains. The action of the developer 
is thus analogous to that of the so-called “physical” developers contain- 
ing free silver, the silver in this case arising from the action of the silver 
solvent on the emulsion in the early stages of development. 

The developers used for warm tones thus form a class intermediate in 
character between physical developers with added silver and typical 
chemical developers as used for negative development. 

The variations in the color of the image produced with developers 
of this type are due to differences in the average size (or dispersity) 
of the silver grains which collectively make up the deposit. The rela- 
tively coarse grains comprising the image in the case of development 
with the usual developers result in a deposit which is practically free 
from selective absorption (except in the case of developers producing 
a pronounced stain image). A reduction in the average size of the 
silver particles results in deposits possessing selective absorption, pro- 
ducing, as the average size of the silver grains diminishes, images hav- 
ing a sepia, brown, purple, red or yellow color. 

Emulsions of silver chloride are not, in general, suitable for the 
production of warm tones by development as they develop too rapidly 
and tend to fog in developers containing a silver solvent. 

Warm Tone Development.—The formula which follows is due 
to. Diab ds Glover: 


Metol Hydroquinone Solution A 


HotiwaternGl2 02eh.)s eee eee S00) ee: 16 oz. 
Metol 225: ise nee See ne Re ees 5.0 gm. 70 gr. 
Sodiumisulfites(dess) esse 25.0 gm. 350 gr. 
Diy droqtinoneene ae aa eee 2.5 gm. 35 gr. 
Sodium carbonate (des.).............. 18.0 gm. 250 er. 
Potassium bromidesserss vs. a eee 0.5 gm. 7 gr. 


Coldiwatento visors eet eo eee 1000 ce. 32 oz. 


Coldiwatene senna seer Re eT Ae 160 cc. 8 oz. 
AImmonium"ucanbonate nee ae ane 20 gm. OZ 
AMmmMonamebromidery. te eee 205 em. 1 oz. 
Na ter topmake area iepre py ie eesaan ime 4 ZOOM Ge: 10 oz. 


4 American Annual of Photography 46 (1930) 9. 
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In the table which follows are shown (1) the relative exposure 
times, (2) the composition of the developer, (3) the Watkins factor, 
and (4) the approximate color of the image. 


: Developer ; 
ee Be Color of Side 
Solution A Solution B 
5 3 abe, ae 10 Olive black 
10 Ue alin, 1dr: 5 Sepia 
20 (OyS) bes 1:5 dr. 5 Sepia-brown 
32 @. ob, Dy (he. 5 Brown 
96 Behe, 3 ale. 5 Purple-brown 
300 Ae diz: AS Cites 5 Red 


The exact color varies with different slide plates. 

As in the case of black and white slides, density is governed by the 
exposure, and contrast by the time of development. However, in the 
case of a developer containing a silver solvent, the color as well as the 
contrast of the image changes with the degree of development. Be- 
ginning with a yellowish image, the color changes first to red and then 
to purple, brown, sepia and finally black as development progresses. 
Thus, with a given developer the contrast and color of the image are 
interdependent and neither can be modified without alteration of the 
other. 

It is possible, however, by increasing or decreasing the concentration 
of the silver solvent present in the developing solution, to control the 
time of development necessary for a given color. This enables the 
contrast of the image to be altered without producing a corresponding 
change in color. Thus, to counteract the effect of shorter development 
on the color of the image, the proportion of the B solution should be 
reduced, while to secure the same color with increased development, 
the proportion of B should be increased. 

The time of exposure varies with the color. While color depends 
upon the time of development and is independent of the exposure, it is 


BAKER AND Davipson—Studies in the Effect of Exposure and Development 
on the Color and Contrast of Warm Tone Slides. Brit. J. Phot. 71 
(1924) 77. 

GLovER—Thiocarbamide and Blue Toned Lantern Slides. Brit. J. Phot. 70 
(1923 i135: 

Jounson—The Technics of Lantern Slide Making. Brit. J. Phot. 70 
(1923) 237; Phot. J. 63:( 1923) 58: 
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necessary to adjust the exposure to the time of development so as to 
obtain an image of the proper density. The shorter the time of de- 
velopment (i.e. the lower the development factor) the longer the ex- 
posure. The exposure required under any particular set of conditions 
must be determined by means of test exposures. 

The color of the image cannot be determined precisely from the 
appearance of the slide during development because of (1) the color 
of the light transmitted by the safelight, and (2) the difference in the 
appearance of the image when wet and after drying. Usually the 
color is colder and the density greater when dry than when wet. If the 
time of development required for a particular color has been determined, 
this time should be adhered to and the density of the slide regulated by 
the exposure. Variation in the composition and the temperature of 
the developer alters color and gradation; it is well to use a small volume 
of fresh solution for each plate and to use a water bath to maintain the 
proper temperature. 

Toning of Lantern Slides and Transparencies.—Lantern slides 
and transparencies may be toned by any of the usual processes except 
those involving the use of hot solutions, hypo-alum for example, or 
those causing softening of the gelatin. With some toning processes, 
however, the colors are rather too opaque for the best results. Ura- 
nium, iron and copper result in satisfactory tones in most cases as does 
the indirect process of sulfur toning. A wider range of colors is 
obtainable by dye toning. See Chapter 24 for instructions on toning. 
_ Pleasing effects are obtainable with many subjects by tinting, ie., 
uniform staining of the gelatin with a dye or a mixture of dyes pro- 
ducing the desired color. Whether a slide is toned or tinted, the 
effectiveness of the color should be determined by the appearance of 
the image on the screen. The appearance of the slide when held in 
the hand and examined by ordinary light is very deceptive inasmuch 
as a color which appears altogether pleasing under such conditions may 
be unsatisfactory when projected. : 

Coloring of Lantern Slides——Lantern slides may be colored with 
either water or oil colors but the first mentioned are by far the more 
satisfactory. In general, coloring is restricted to slides in the larger 
size as the detail is too small for good work in the smaller size. 

Slides for coloring should have a lower density, particularly in the 
shadows than would be suitable for the black and white slide. Slides 
which have been fixed in an acid fixing and hardening bath should 
first be placed in a 2% solution of ammonia for two or three minutes 
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and then rinsed in plain water, otherwise the gelatin may be sufficiently 
hardened to repell the color. ° 

For coloring, the slide should be supported in a slightly inclined 
position on a sheet of glass illuminated from below. The emulsion of 
the slide should be moist but free from surface water or water drops. 
Water colors set almost immediately so that the blending of color can 
be accomplished only by (1) keeping the slide moist, (2) using dilute 
colors, and (3) working with rapid strokes. Apply weak colors and 
build up to the deeper by successive applications of the color. Care 
must be taken to keep the color within the confines of the area to be 
colored. If the surface of the emulsion is wet, the color will be likely 
to spread into adjacent areas. If an error is made in the application 
of the color, the colors may be removed from the slide by placing it 
for two or three minutes in a 5% solution of ammonia followed by a 
similar period of washing in running water.° 

Intensification and Reduction of Lantern Slides.—A slide which 
lacks brilliancy because of slight overexposure or a trace of fog may 
be improved by slight reduction in a subtractive reducer. In general, 
however, it is best to avoid the intensification or reduction of lantern 
_ slides, particularly those with warm tones, as the color and quality are 
adversely affected. If it is the exposure which is at fault, then the 
slide should be made over; if an alteration in contrast is required and 
this cannot be accomplished by suitable modification of the time of 
development, then the negative should be reduced or intensified. 

Varnishing.—While not absolutely necessary, it is well to var- 
nish the slide. Varnishing prevents the “dewing” of the slide in the 
lantern from the condensation of moisture on the cover glass when 
heated. Suitable varnishes may be obtained from dealers in photo- 
graphic supplies. The slide should be heated to drive off all the 
moisture before varnishing. With some varnishes, the slide must be 
coated while still warm; others may be applied cold. 

Masking.—Black paper masks in various sizes may be purchased 
from dealers in photographic supplies. These, however, are seldom 
the exact size required for the best composition. Masks to fit the 
subject may be made by means of ruled adjustable mats, with lantern 
slide binding strips, or a suitable mask cut from black paper. 

Before binding, the slide should be marked to indicate to the lanternist 
the way in which it is to be placed in the lantern. Small disks of 


5 Tobias, The Art of Coloring Photographic Prints. American Photographic 
Pub. Co. (Boston). 
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gummed paper are usually employed for this purpose. In the United 
States and Canada, the standard practice is to place the spot in the 
lower left hand corner when the slide is held as it should appear on 
the screen. The lanternist places the slide in the lantern upside down 
with the spot acting as a thumb mark. In England, the standard prac- 
tice is to place two spots at opposite corners of the top of the slide, 
while in Europe, a single spot placed in the lower right hand corner is 
used. 

Binding Lantern Slides.—If the lantern slide is on film, it is 
usually placed between two pieces of glass for protection but if the 
slide has been made on a glass plate only a single protecting or “cover” 
glass is necessary and this is placed over the emulsion side. In either 
case the two glass plates are bound along the edges with adhesive tape 
(i.e. Kodatape or Scotch tape). The tape may be applied separately to 
each of the four sides, the strips being overlapped at the corners, or in 
one continuous strip. In binding by the latter method a strip of ad- 
hesive tape equal in length to the four sides of the slide is placed with 
the adhesive side up on a blotter or sheet of paper. The edge of the 
two glass plates is then placed at one end of the strip, care being taken 
to get it in the center so that when the tape is folded it will be the same , 
on both sides, and the slide rotated so that it picks up the tape in succes- 
sion on all four sides. The tape is then creased along the edges of the 
glass by pressure with the fingers and folded over on the sides. The 
corners may be folded over and left or clipped with the scissors so 
as to enable the ends to overlap. 

Transparencies.—For transparencies larger than lantern slides, 
ordinary slow plates or film may be used, but the degree of contrast 
obtainable on such materials is frequently insufficient unless contrast- 
type developers are employed. ‘Transparency plates and positive films 
coated with emulsions similar to those employed for lantern slides are 
obtainable from many manufacturers of sensitive materials. 

In recent years, films (Adlux, Translite, etc.) and papers (Trans- 
lite, etc.) coated on both sides with emulsions similar to those employed 
on contact printing papers have been introduced for transparencies.® 
The object of the double coating is to increase the thickness of the 
emulsion so as to obtain the range of densities required in a trans- 
parency. In the case of paper, the emulsions are of different speeds, 
that on the back of the paper being faster to allow for the loss of light 
in passing through the first emulsion and the paper base. 


6 Duolux, Phot.Tech. I (1939) Nov. p. 50. 
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Duplication of Negatives——Duplicate negatives are useful (1) 
as a means of preserving valuable negatives, (2) to protect the original 
negative from possible damage when a large number of prints must 
be made, (3) to enable handwork to be carried out on the duplicate 
negative which might endanger the original, and (4) to provide the 
enlarged negatives required when prints larger than the original nega- 
tive are to be made by carbon, gumbichromate, platinotype or other 
printing processes not adapted to projection printing. 

Duplicate negatives may be made by one of three methods: 


1. By using direct copy film which results in a negative image di- 
rectly. Sensitive materials of this type are a recent introduction, but 
appear to offer distinct possibilities. See p. 498. 

2. By first making a positive on a suitable film or plate and from 
this a duplicate negative. This is the usual method. 

3. By using reversing materials and reversing the positive image to 
a negative in processing. 

Sensitive materials which produce a positive transparency direct by 
reversal processing have long been in widespread use for amateur 
cinematography and similar materials are now available for still 
photography. These materials are useful in making lantern slides and 
transparencies directly in the camera, reproducing radiographs, for 
photomicrography and other technical work in which a direct positive 
transparency is required. These films, however, are not designed for 
copies of line subjects. Materials of this type, processed by reversal, 
produce images with an extremely fine grain. In processing, the 
negative image is first developed, then bleached, cleared and the posi- 
tive image developed. This is fixed, washed and-dried as usual. The 
contrast of the image is fixed by the processing conditions. 

Sensitive Materials for Making Duplicate Negatives.—A good 
duplicate negative should reproduce accurately the gradations of the 
original unless the contrast is to be altered in the interests of better 
printing quality. The definition and graininess of the image should 
not be markedly inferior to that of the original. 

The sensitive materials used in making the intermediate, or master, 
positive and the duplicate negative must be able to reproduce fine detail, 
be free from excessive graininess, and have sufficient latitude to repro- 
duce correctly the full range of densities in the original. These re- 
quirements are most nearly met by the special duplicating films designed 
for the motion picture industry. These, however, are available only as 
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standard motion picture film.? Lacking these, a slow, fine-grain, blue 
sensitive plate or film of the “commercial” type should be used. These 
are preferably backed to reduce halation. Plates and films intended 
for transparencies, in general, are unsuitable, except for originals of 
below normal contrast, as the exposure scale is too limited to result in 
satisfactory reproduction. 

Exposure and Development of the Intermediate Positive and 
Duplicate Negative——Faithful reproduction of the original in- 
volves (1) the exclusive use of the straight-line portion of the charac- 
teristic curves of the sensitive materials employed in making the inter- 
mediate positive and the duplicate negative and (2) development of the 
two to gammas which will result in a reproduction gamma of unity (p. 
447). If the contrast of the original is to be altered, then the gammas 
should be adjusted so as to produce the desired reproduction gamma. 

The appearance of a properly exposed intermediate positive is quite 
different from that of a transparency or lantern slide. Since for good 
reproduction it is necessary that the various densities of the positive 
image lie within the straight-line portion of the D log E curve of the 
film or plate used, it is evident that the highlights of the intermediate 
positive will not be clear but will have a distinct density and that the 
whole image will be denser and softer than a good lantern slide. In 
fact, to the inexperienced a good intermediate positive appears over- 
exposed and underdeveloped. 

If sensitometric equipment is available, the minimum highlight den- 
sity for correct reproduction with the sensitive material used is readily 
obtained from sensitometric strips developed under the same conditions 
and to the same gamma. 

Lacking sensitometric data the result must be judged by visual in- 
spection, the judgment as to quality being based upon the fidelity with 
which the gradations of the original are preserved rather than in the 
density of the image. 

Fine grain developers are recommended for development and the 
time of development should be adjusted to reproduce the contrast of 
the original or, if a modification is desirable, the contrast required for 
good printing quality. Within the limits imposed by the plate or film, 
the contrast of the duplicate negative may be controlled by suitable 
alterations in the time of development. 


7 For types and characteristics see: Motion Picture Laboratory Practice, East- 
man Kodak Co., 1936. 
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As with the intermediate positive, sufficient exposure must be given 
in making the duplicate negative so that every gradation of the inter- 
mediate positive will be faithfully reproduced. Good duplicate nega- 
tives have no clear shadows, even when they are present in the original 
negative. The shadow portions of a duplicate negative, if properly 
made, are always somewhat gray, and while those in some scenes may 
be more dense than others, depending upon the range of brightness in 
the subject, none of them should be entirely clear. 

Enlarged Negatives.—In making an enlarged negative there are 
two courses open: (1) an enlarged positive may be made from the 
original negative and the duplicate negative by contact printing from 
the intermediate positive or (2) a contact positive may be made and this 
enlarged to the required size. The first method involves a greater out- 
lay for material but has the advantage that any local alterations which 
are needed to remove defects or to improve the composition are more 
readily made on the positive than on the negative as it is easier to see 
the effect of such alterations on the positive than on the negative. 

Paper Negatives.—For broad pictorial effects where definition 
is not an important factor, paper is frequently employed for the en- 
larged negative and at times for the intermediate positive. The use 
of paper appeals particularly to those who wish to control the final re- 
sults by altering tones, intensifying the highlights, deepening shadows or 
softening objectionable lines in the composition, as such work is more 
readily done on the back of paper negatives than on film or glass. 

Any smooth, single-weight paper of suitable contrast which will 
produce sufficient density when viewed by transmitted light may be 
employed. 

Transparency papers coated on both sides show less grain and pro- 
duce greater contrast than single-coated papers and are suitable for 
negatives which are lacking in contrast. 

In using a single-coated paper, graininess may be reduced by placing 
the paper so that the coated side faces the easel, that is away from the 
lens. It is, of course, necessary to give more exposure with the paper 
in this position than when the emulsion side is next to the lens but the 
improvement as regards graininess makes it worth while. The suit- 
ability of the paper positive and negative is judged, of course, by 
transmitted rather than reflected light. 

Considerable diffusion results when both the intermediate positive and 
the final negative are made on paper, and except for extremely broad 
effects, better results are obtained by making the enlarged intermediate 
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positive on paper and the final duplicate negative on film. This method 
has the advantage of the paper negative as regards handwork on the 
intermediate positive and the advantages of film in printing from the 
duplicate negative. 

The transparency of a paper negative may be increased by oiling. 
Little improvement is made, however, in graininess, and on the whole, 
little is gained by oiling. The oil must be kept from the face of the 
print and even with the greatest of precaution, in handling the oiled 
negative, oil spots are liable to get on the printing paper. Oriling also 
increases the liability of the negative to pick up dust, grit, and lint. 


McMaster—Print Control by the Paper Negative Method. Phot. J. 80 
(1940) 124. — 

Warp—Picture Making with Paper Negatives. American Photographic 
Publishing Co. Boston. 


CHAPTERIXXIX 
PRINCIPLES OF THREE-COLOR PHOTOGRAPHY 


Trichromatic Theory.—All practical methods of three-color pho- 
tography are based upon the theoretical investigations of Wtinsch and 
Young (1802) into the wave theory of light and the trichromatic 
mechanism of color vision. Clerk Maxwell was the first to point out 
(1855) and demonstrate (1861) how these principles might be applied 
to reproduce a colored scene by means of photography. Maxwell stated 
that the visual appearance of any color could be matched by a proper 
mixture of three differently colored light sources. The three chosen 
colors were red, green and blue. These colors are called unitary or pri- 
mary colors and their additive mixtures will match all but a few very 
saturated colors. 
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Fic. 355. Diagram of Additive Color Process Showing Mixture of Three Pri- 
mary Colors Producing White Light. 


If, for example, beams of white light are directed upon a screen but 
pass first through red, green and blue filters as shown in Fig. 355, the 
combination of red and green produces yellow; green and blue pro- 
duce cyan; and all three together produce white. Various other colors 
may be produced by the combination of the primary colors in varying 
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proportions. Thus, the addition of green to red will produce orange- 
red, orange or yellow, depending upon the relative intensity of the green 
to the red; in like manner, the combination of green and blue produces 
various shades of bluish-green and a combination of red and blue pro- 
duces all possible shades of violet from magenta through purple. 
Using monochromatic lights, the proportions of each which must be 
mixed in order to produce the same color sensation as is produced at 
any point in the spectrum itself may be determined. In Fig. 356 are 
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shown three color-mixture curves, one for each primary color. The 
heights of these curves at any particular wave length indicate the pro- 
portions in which the primary colors must be combined to produce the 
color sensation corresponding to that wave length of the spectrum. 

The eye is not an analytical instrument and the range of colors ob- 
served when examining a spectrum from sunlight is continuously vari- 
able—the gradual alteration of hue being due to the changing activation 
of the three color-sensitive elements of the eye. The eye is not able to 
identify the origin of colors. Thus, the visual sensation produced by a 
monochromatic yellow line from the spectrum, an additive mixture of 
limited red and green regions, and a mixture of the whole of the color 
range from dark red through green might be identical. Mixtures of 
monochromatic light of wave lengths 640, 532 and 464 mp were found 
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to be satisfactory for matching most natural colors.’ It is also possible 
to obtain similar results with broad mutually adjacent bands of color 
instead of single wave lengths. The greatest range of colors can be 
matched, however, by using highly saturated red, green and blue colors 
as sources. 

Maxwell’s development of the theory of color photography is best 
expressed in his own words: “Let it be required to ascertain the colours 
of a landscape by means of impressions taken on a preparation equally 
sensitive to rays of every colour. Let a plate of red glass be placed 
before the camera, and an impression taken. The positive of this will 
be transparent wherever the red light has been abundant in the land- 
scape, and opaque where it has been wanting. Let it now be put in a 
magic lantern along with the red glass, and a red picture will be thrown 
on the screen. Let this operation be repeated with a green and a violet 
glass, and, by means of three magic lanterns, let the three images be 
superimposed on the screen. The colour of any point on the screen will 
then depend on that of the corresponding point of the landscape ; and, by 
properly adjusting the intensities of the lights, etc., a complete copy of 
the landscape, as far as visible colour is concerned, will be thrown on 


Fic. 357. Superimposed Color Filters Yield Mixture Colors by Subtraction. 
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736 oe PRINCIPLES OF THREE-COLOR PHOTOGRAPHY 


the screen. The only apparent difference will be that the copy will be 
more subdued, or less pure in tint, than the original.” * 

This method of making a colored reproduction has been called an 
additive synthesis, since the color was obtained by adding colored lights 
together on the screen to produce the various color combinations. 
Color may be produced by subtracting light of certain wave lengths 
from white light. Yellow transmits red and green and absorbs blue. 
Normal yellow is, in other words, minus blue; that is to say, it contains 
all colors of the spectrum except blue. If a yellow filter is placed on 
white paper and then over this a magenta filter which absorbs green 
light, as in Fig. 357, only red light will be reflected to the observer. 
Similarly, a combination of cyan and yellow filters produces green (Fig. 
357) as the yellow absorbs the blue and the cyan the red, leaving only 
the green, and a blue image may be obtained through a combination of 
magenta and cyan filters. 

Thus, the three “primaries,” red, green and blue,* may be produced 
by subtracting color from white light. This is known as subtractive 
synthesis. 

Additive and Subtractive Processes.—It has long been the cus- 
tom to divide color processes into two main groups—additive and sub- 
tractive. Such a division is convenient as long as it is clearly recognized 
that the grouping is valid only when considering the synthesis of the 
color picture. The method of analysis is the same no matter which type 
of reproduction is to be employed. It can further be shown that op- 
tically the ideal subtractive printing colors are equivalent to the red, 
green and blue used in an additive synthesis. A more logical exposition 
is possible, therefore, 1f color processes are studied in the light of an 
additive analysis and synthesis. 

If a photograph is made using a red filter, the negative will record, in 
terms of density, the amount of red light reflected from the subject; 
in other words, the greater the amount of red reflected from any par- 
ticular part of the subject, the greater the density of the corresponding 
parts of the black and white negative. Areas which do not reflect red 
light are completely clear, while colors reflecting only a small amount of 
red are of low density. 

A second negative made with a green filter will record the green, 
and a third negative made with a blue filter will record the blue reflected 
from the various parts of the subject. Hues that may be formed from 


2 Maxwell, Trans. Roy. Soc. Edinburgh 21 (1855) 275. 
3 The blue primary is often designated by the term blue-violet. 
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two or more of these colors will be recorded on two or more negatives 
in accordance with the amount of light of each primary color reflected. 
Thus, the three negatives collectively will record, in terms of silver 
densities, all the colors of the subject. 

If black and white positive transparencies are made from these nega- 
tives, color will be indicated by lack of density. In the positive from 
the red separation negative, for example, areas corresponding to red 
parts of the subject will be almost clear, those containing some red 
represented by a low density and those without red by a relatively 
» high density. 

This transparency, when illuminated with red light, will reproduce 
the red component of the various parts of the subject. In like manner, 
transparencies from the other negatives will reproduce the correspond- 
ing color components of the subject when illuminated by light of the 
same color as used in making the negatives. 

It is now only necessary to superimpose the three colored images to 
produce a representation in full color of the subject photographed. 
This may be done in one of two ways: (1) the three positives may be 
placed in a specially designed triple lantern which is so arranged that 
the three images can be made to coincide upon the screen, or (2) the 
three positives may be placed beneath filters and the images super- 
imposed with the aid of mirrors in an instrument known as a photo- 
chromoscope (Fig. 358). A modern form of this instrument is avail- 
able as the Curtis Color Analyst. 


Fic. 358. Photochromoscope. 
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There have been many attempts to utilize this system of making col- 
ored pictures. As will be shown later, the color fidelity of such methods 
is quite high, but because of expensive and inconvenient viewing or pro- 
jecting devices, they have never attained widespread popularity. The 
widest field for these methods has been in color motion pictures. 

Color Screen Materials.—Screen materials, discussed further in 
Chapter XXXII, are now by far the most important of the additive 
processes of color photography. In just the same way that a painter 
may secure a certain color by the admixture of dabs of pigment of two 
or more colors which, at a suitable viewing distance, are no longer seen 
individually but combine to form a single color, so it is possible to secure 
all three color-sensation records on a single plate by exposing it behind, 
and in contact with, a screen composed of a large number of red, green 
and blue filters so small as to be indistinguishable to the unaided eye. 

Screen materials may be divided into two types; in one, the small 
filters are arranged in a regular pattern, in the other, the differently 
colored filter elements are distributed at random forming an irregular 
mosaic screen. With screens of the first type, the screen may or may 
not be on the same support as the photographic emulsion. In the second 
type of screen, the photographic emulsion and the screen are coated 
onto the same support and cannot be physically separated. Whenever 
the screen and photographic emulsion are inseparable (irregular mosaic 
or some regular screens), the emulsion is developed to a negative and 
reversed to yield a positive color transparency. If the photographic 
emulsion and screen may be separated physically (some regular screens) 
the emulsion may be developed to a negative and a print made onto 
another emulsion which is then registered with a color screen to yield 
the positive color transparency. Separable screen materials are coated 
onto glass supports while the inseparable materials may be coated onto 
film base. In either case, the color screen lies between the light sensi- 
tive emulsion and the camera lens. 

In Fig. 359, beams of red, green and yellow light are represented as 
falling on a screen composed of small filters designated R (red), G 
(green), and B (blue). Red light is transmitted by the red filter (R) 
and renders the emulsion beneath it developable. Green light is trans- 
mitted by the green filter and the emulsion beneath is rendered develop- 
able. Yellow light is transmitted by both the green and red filters, ren- 
dering the emulsion beneath both developable. 


Kie1n—-Colour Cinematography. 
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The deposits of silver produced upon development are shown by the 
darkened portions. 

If the negative image is reversed to form a positive, or a positive is 
made from the negative and placed in register with the screen, red light 


YELLOW 


A 


GREEN-BLUE MAGENTA BLUE 


Wee EG 7 


G 
Y, 


RED GREEN MELLOW 


Fic. 359. Principle of Screen Plates. 


is reproduced by the light transmitted by the red filters, since the green 
and blue filter elements are covered with the silver of the positive image. 
In the same way, yellow is reproduced by the light transmitted by the 
green and red filter elements, only the blue being obstructed by the 
positive silver image. 

If the screen material is developed to a negative, not only will the 
subject values be reversed but the colors will all be complementary to 
those of the original. A silver negative and a color negative will be 
obtained. The red will be represented by a mixture of green and blue, 
the green by a mixture of red and blue (magenta), and the blue by a 
mixture of red and green (yellow). 

Subtractive Processes of Color Photography.—Three-color nega- 
tives may be made in the same manner as that employed for making 
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negatives to be used in an additive process and are similar in every re- 
spect. Negatives for subtractive printing may be made (1) by making 
three separate exposures with an ordinary. camera, changing the sensi- 
tive material and filters between each exposure, (2) by means of a 
repeating back which enables these changes to be made in a much 
shorter period of time, (3) by using a tripack in which three emulsions, 
each recording one of the primary color-sensations only, are placed in 
contact with each other and exposed, (4) by using a tricolor camera in 
which all three negatives are exposed at the same time through the same 
lens, and (5) by making use of a screen or integral tripack trans- 
parency to record the separations and later to re-separate the color 
records onto three negatives. All of these methods will be described 
at greater length in the following chapters. 

To obtain a positive in color from negatives produced by any of the 
above methods, it is necessary to superimpose three images of the 
proper colors. Since each of the negatives constitutes a record in 
terms of density of the distribution of one particular color in the 
subject, it is obvious that the densities of the positive will indicate 
not the presence of that particular color sensation but its absence. In 
other words, the densities of the print from the red filter negative will 
indicate not the amount of red reflected by the corresponding portions 
of the subject, but the absence of red, that is, the light of the other 
regions of the visible spectrum. Hence, the color of the positive image 
will not be that of the filter used in making the negative, but comple- 
mentary to it. In other words, the red filter negative will be printed 
as a cyan (blue-green) or minus red positive; the green filter negative 
printed as a magenta or minus green positive; and the blue filter nega- 
tive printed as a yellow or minus blue positive. 

Subtractive Printing Processes—The methods employed in 
making the color images for subtractive printing processes may be 
divided into six classes: 


1. Toning processes. 

(a) Positives are prepared from the three negatives and are then 
chemically toned to produce images of the required colors. The com- 
bined positives yield the final picture as a transparency or paper print. 

(b) Positives are prepared from the three negatives and the silver 
images are converted to compounds which will absorb, or mordant, 
various dyes. After dyeing with the appropriate, usually bastc, dyes, 
the combination of the three colored images yields the final color pic- 
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ture. Since the dye is distributed throughout the layer wherever the 
silver image was present, the final result is composed of three such 
layers. 

2. Relief processes. Positive or negative gelatin reliefs are made 
from the three color records by means of tanning development, etching, 
hardening, bleaching, or the reaction of silver or light and dichromated 
colloids. The gelatin reliefs may be either of the following: 


(a) Clear gelatin on a film or glass support which is dyed with suit- 
able minus-color dyes. These dyes are then transferred by imbibition 
to a gelatin coated paper or film. The reliefs may be redyed for suc- 
cessive printings. 

(b) Pigmented gelatin composed of insoluble pigments suspended in 
the gelatin. The three pigmented gelatin reliefs are superimposed to 
form the complete picture. 

3. Selectively hardened gelatin processes. These processes are based 
upon the water or dye-absorbing properties of hardened and unhard- 
ened gelatin. They differ from the imbibition processes discussed 
under 2 (a) in that the whole of the gelatin remains, while in the proc- 
esses discussed under that heading, a gelatin relief is formed through 
the removal of a part of the original gelatin layer. 

The color records are placed in a hardening bleach which removes 
the silver image and hardens the gelatin in proportion to the density of 
the original silver image. This results in colorless images of differen- 
tially hardened gelatin. Such films may be stained with dyes having 
an affinity for soft or hard gelatin depending upon the type of image 
desired. Similar differential hardening of gelatin is also used in some 
of the ink transfer processes which make use of the varying water 
absorption of such a gelatin layer. Greasy inks are repelled by water- 
bearing gelatin and held by the unsaturated portions. The inks may 
then be transferred to a paper support. 

4, Dye coupling development processes. The oxidation products of 
certain developers yield brightly colored dyes. If photographic emul- 
sions are exposed and then developed in the proper dye coupling de- 
velopers, a colored dye and a silver image are obtained. By the proper 
choice of processing solutions, either the subtractive printing colors 
cyan, magenta and yellow may be procured or almost any other colors 
desired. Dye coupling development may be employed to obtain three 
colored positive images for superimposition or may be applied to 
integral tripacks for the-production of color transparency negatives or 
positives or for positive prints (see Chapter XXXII). 
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5. Chemical dye destruction processes. Certain dyes are capable of 
being destroyed in the presence of silver by treatment with appropriate 
chemical solutions. If a layer of emulsion is dyed and then exposed 
and developed so that a silver image is obtained, the dye may be 
destroyed in proportion to the amount of silver present at any point. 
If the silver is removed, a dye image will remain in the emulsion layer. 
The process may also be worked with other dyes that are capable of 
destruction only in the absence of silver. Such procedures may be 
employed to obtain color prints either in separate emulsion layers which 
may be superimposed to yield a color picture or, more commonly, in 
connection with the integral tripack color materials (see Chapter 
XXXII). 

6. Dye bleaching processes (light). Many dyes are rather un- 
stable and fade readily upon exposure to strong light. If a three 
component mixture of the proper subtractive color dyes is exposed 
under a color transparency, a color print is obtained directly due to the 
absorption and subsequent bleaching of the dyes as they absorb com- 
plementary colored light (see Chapter XX XIII). This is undoubtedly 
the most straightforward method of color printing but, because of tech- 
nical difficulties, it has not been commercially successful. 

Another form of dye bleaching is based on the photochemical reaction 
between light and a sensitive diazo compound.* The diazo compound is 
bleached in the areas exposed to light and a colored image produced by 
the application of a chemical developer which converts the diazo com- 
pound into a stable dye image. Since it is the unexposed diazo com- 
pound which is used in the formation of the image, it is evident that a 
positive is obtained from a positive; thus, it is necessary to print from 
positives rather than from original negatives. 

Subtractive Processes Based Upon an Integral Tripack—Ducos 
du Hauron, who seems to have anticipated almost every possible process 
of color photography, suggested the use of three emulsions each sepa- 
rately sensitized to one of the three primary colors, superimposed, as a 
means of making three color negatives. The simplest method of making 
such a tripack is by superimposing suitable emulsions coated on three 
separate films. 

Tripacks in which the three emulsions are coated over one another on 
the same film are termed “integral tripacks.” The first tripack of this 
type to be introduced commercially for camera use was developed in the 
research laboratories of the Eastman Kodak Company and introduced 


4 Spencer, Brit. J. Phot. Col. Suppl. 22 (1928) 30. 
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as Kodachrome, first for amateur cinematography and then as 35 mm. 
and cut-sheet film for amateur and professional use. 

The trend in modern color photography is definitely toward the in- 
tegral tripack type of material for both reversal, negative-positive, and 
printing methods. For a detailed discussion of the types of integral 
tripack, see Chapter X XXIII. 

Kodachrome. Kodachrome films are coated for use with three dif- 
ferent illuminants. Regular Daylight Kodachrome is balanced for an 
illuminant having a color temperature approximating sunlight, or 5600° 
K. Type A Kodachrome, available as amateur motion-picture and 35 
mm. film, is balanced for an illuminant of 3450° K., while Type B 
Kodachrome, available in cut-sheet only, is balanced for an illuminant 
of 3200° K. The moderate speed of these materials enables them to be 
used for all photography under conditions not unlike those applied to 
black and white photography. 

Owing to the complicated processing technique necessary, and the 
high degree of precision with which the various operations must’ be 
controlled, the film cannot, in its present state, be processed by the user 
but must be sent to the Eastman Kodak Company for development. 
The processed film consists of three layers of dye, obtained by dye 
coupling development, together composing the finished color trans- 
parency. 

Kotavachrome and Minicolor. The Kodachrome dye coupling proc- 
ess is applied in a slightly revised form to yield Kotavachrome and 
Minicolor prints. The construction and color formation are similar 
except for the different contrasts required for a print to be viewed by 
reflected light. The base supporting film is pigmented white cellulose 
acetate. Color transparencies may be printed directly onto these two 
materials either by contact or projection. Processing must again be 
carried out by the Eastman Kodak Company. 

Agfacolor. The Agfa process ultilizes an integral tripack and is 
made on 16 and 35 mm. film base. The exposure and results from 
Agfacolor are similar to those obtained from Kodachrome, the differ- 
ence between the two processes being in the method of formation of 
the dye images which comprise the final transparencies. This is also 
a dye coupling process. 

Kodacolor. ‘This new integral tripack is developed to a color nega- 
tive and printed onto a similar tripack material on a paper support to 
obtain a positive color print. The negative material is now available 
in most roll film sizes. 
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Gasparcolor. Gasparcolor is another integral tripack process differ- 
ing from the aforementioned types in that the dyes are incorporated in 
the emulsions during manufacture. Gasparcolor is a dye destruction 
process and, at the present time, is only used for making motion picture 
release prints from various types of separation negatives. 

Two-Color Processes.—Pleasing, although obviously incom- 
plete, pictures in color may be obtained of certain subjects using only 
two (orange and cyan) primary colors. Two-color negatives can be 
made with one exposure, in an ordinary camera by using a bipack (see 
p. 749), and printing processes employing two images are naturally 
simpler than those employing three colors. The complications of the 
three-color processes have led numerous investigators to attempt to 
perfect two-color processes, particularly for making motion pictures in 
color. There is, at present, a declining interest in two-color processes 
and it is probably safe to say that such processes will soon be chiefly 
of historical interest. 

In two-color processes, the spectrum is either divided into approxi- 
mately equal parts by the taking filters, the orange and red being 
recorded on one negative, and the green and blue on the other, or one 
of. the tricolor primaries is ignored altogether, the choice depending 
upon the type of subject and illumination for which the process is 
designed. 

When the spectrum is divided into two approximately equal parts 
and the prints are made in color complementary to those of the taking 
filters, flesh values are reproduced quite well. 

Yellow and purplish-blue are not included, nor white, although as 
du Hauron pointed out, the yellow sensation is produced if the results 
are viewed in a yellowish light and the degraded whites produced by 
two-color processes frequently appear practically white due to the 
contrast of the other colors. Suggestions have been made that the 
usual three color prints be made, the yellow image being exposed partly 
from the blue-green and partly from the red negative. While such 
methods, under certain circumstances, produce pleasing results, it is 
obviously impossible to reproduce more than one or two colors or their 
mixtures accurately in this manner.® 


5 Ives, Camera, Phila. (1933) 33. 


CEUAP TIER XXX 
THREE-COLOR NEGATIVE MAKING 


The purpose of a set of three color separation negatives is to record: 
in terms of black silver deposits the relative amounts of the three 
primary colors, red, green and blue-violet, present in the subject being 
photographed. The three records obtained, after development, are 
then used as light valves to control the intensities of red, green and 
blue-violet light that will finally make up the reproduction—whether in 
the form of an additive mixture of lights on the screen or a sub- 
tractive mixture of dyes, pigments or inks. 

Since the color images must be superimposed in the final result : 

1. The three images should be the same size, 

2. The three images should be made from the same position, and 

3. The three images should be equally sharp in all portions. 

Since each negative must represent in terms of density the amount of 
light of a particular primary reflected from the different parts of the 
subject : 

1. The filters should divide the spectrum into three approximately 
equal parts with some overlapping to ensure complete coverage, and 

2. The rendering of a scale of grays should be the same in all three 
negatives in order to obtain color-free rendering of white and grays, 
and to ensure the proper balancing of the color records when making 
the reproduction. 

Filters for Three-Color Photography.—The filters used to limit 
the range of wave lengths recorded on each separation negative have 
been well standardized in practice. Suggestions put forward to the 
effect that the transmission ranges of the filters should correspond to 
the color mixture curves have been extensively debated since the turn 
of the century.t. The filters giving the most satisfactory color repro- 
ductions with the practices in common usage were, however, much more 
abrupt in their division of the spectrum. The early ideals were of the 


1 Bull, Phot. J. 75 (1935) 257. Spencer, Phot. J. 75 (1935) 337. Murray and 
Spencer, Phot. J. 78 (1938) 474. 


GEOGHEGAN AND SMETHURST—Brit. J. Phot. 85 (1938) 339. 
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type shown in Fig. 360. The spectrum is divided by filters of this type 
into three broad and two narrow bands. From 600 mp to 700 my 
is recorded in the red filter negative only, the region between 580 mp 
and 600 mp is recorded through both the green and red filters and is 


400 500 699 199 


Fic. 360. Curves of the Ideal Three Color Filters (Photography of 
Colored Objects). 


reproduced as yellow, since yellow results from the admixture of red 
and green light. The region between 500 my and 580 mp is recorded 
only in the negative made through the green filter, while the region 
between 480 mp and 500 my is recorded in both the green and blue 
filter negatives and, therefore, is reproduced as cyan. The region be- 
tween 400 mp and 480 my is recorded only on the blue filter negative 
and is reproduced as blue. While it is not possible by using these filters 
to produce a distinction between hues which lie totally within any of 
these spectral regions, in practice this deficiency is not serious, since 
naturally occurring colors reflect light of nearly all visible wave lengths, 
their hue being due to a reflection peak in some region of the spectrum. 

These “‘ideal’” filters would not, of course, enable one to distinguish 
between two blues, for example, at 430 mp and 450 mu, both being 
recorded only on the blue record negative. A photograph of the 
spectrum, therefore, would only record as a five-colored band of light, 
there being no separation of hues within the five divisions. For- 
tunately, the subjects generally photographed do not reflect monochro- 
matic light, the distribution of light from all common objects being 
selective through the spectrum to give the object its color but there is 
usually some reflection at all wave lengths (Fig. 361). The dyes and 
coloring materials available for the manufacture of color filters neces- 
sitated some departures from the generally accepted (see Chapter 
XXXIV) ideal transmission curves. Spectrophotometric curves show- 
ing the transmission of a well-known set of three color filters (Wratten, 
No. 25 (red), No. 58 (green) and No. 47 (blue-violet)) are shown in 
Fig. 362. The transmission curves of the red and the blue filter ap- 
proximate the ideal very closely; the transmission of the green filter 
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ends less abruptly at the long wave region than that of the ideal. 
While this can be overcome by increasing the red-absorbing component 
of the green filter, such a procedure is not practical because of the 
increase in the filter factor, necessitating greatly increased exposure. 

It is possible to obtain the desired colored records by other than 
standard tri-color filters as indicated in the following section on nega- 
tive materials. With other than the normal panchromatic emulsions, 
yellow, violet or other color filters may be required. 

Modern tri-color filters are available as films of colored gelatin or 
similar material, colored gelatin cemented between glasses, colored 
optical glass and plastics. Liquid filters, although not common, can be 
used. The solid optical glass filters are probably both the most durable 
and the most permanent. The coloring matter in many filters is quite 
susceptible to light and fades upon prolonged exposure. Standard tri- 
color filters are fairly stable although not equally so. 

Exposure of Color Separation Negatives.—Color separation 
negatives may be made in a variety of ways as the following table will 
show. In this chapter, we shall only consider the records made with a 
lapse of time between each exposure or instantaneous exposures of the 
physically separable type. Any of the following methods yield records 
of the primary colors present in the subject in terms of silver deposits: 


I. Successive Exposures. 
A. Direct successive exposures. 
B. Repeating backs. 


II. Simultaneous Exposures. 
A. Physically separable records. 
1. Bipacks and tripacks. 
2. Beam splitters. 
B. Physically inseparable records. 
1. Lateral separation—one emulsion. 
a. Screen processes. 
b. Lenticular processes. 
2. Vertical separation—integral tripacks and bipacks. 
a. Differently sensitized emulsions. 
b. Emulsion layer sensitization. 
C. Miscellaneous combinations. 
1. Screen bipack. 
2. Lenticular bipack. 
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Direct Successive Exposures.—For still objects an ordinary 
camera may be used, the three negatives being made by successive ex- 
posures, the filters and the plates or films being changed between each 
exposure. The exposure must be adjusted, of course, in accordance 
with the multiplying factors of the filters. Care must be taken that 
the lighting does not change during the time the three exposures are 
being made and that a rigid camera and tripod are used to prevent any 
danger of shifting position when changing plates and filters. Neither 
portraits nor landscapes in which movement is likely can be photo- 
graphed in this way. 

Repeating Backs.—An improvement over the ordinary camera 
with separate emulsions and holders is provided by a repeating back. 
The holder of the repeating back takes a plate long enough for the 
three exposures, or three separate small plates, and the filters are 
placed in front of each plate so that filter and plate are changed to- 
gether for each exposure. In some cases the repeating back is shifted 
from one exposure to the next by hand and in other cases the holder 
automatically drops into position for the next exposure when the 
shutter closes. With repeating backs of this type, all three exposures 
may be made in the space of three or four seconds. 

Bipacks and Tripacks.—A bipack consists of two separate emul- 
sions held face to face in one holder, both being exposed at the same 
time. A red recording emulsion is generally used as the rear element 
of the bipack, preceded by an orthochromatic film with a red filter 
surface coating. This combination is not essential as other pairs may 
be used. A bipack may be employed as the negative material for two- 
color processes or it may be used with an appropriate filter as a means 
of recording two of three color separations for a three-color process. 
A typical tripack consists of three separate films. The film in front 
is first coated with an ordinary (blue-sensitive) emulsion and then 
with a layer of gelatin, containing a yellow filter dye. The second 
film is coated on the front side with an orthochromatic emulsion sensi- 
tive to green and on the back with a gelatin layer containing a red dye. 
The first and second films are exposed with their emulsions in contact. 
The rear film (third) is coated with a panchromatic emulsion. Thus, 
upon exposure in the camera, a blue-violet record is made on the front 
film, a green on the second and a red record on the third, or rear, film. 
Other emulsion combinations and orders may also be used. 


Porrer—Methods of Making Three-Color Separation Negatives. Defender 
Photo Supply Co. 
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There are five drawbacks to the widespread use of the tripack as a 
means of making three-color negatives: 


1. Unsharpness of the second and particularly the third images. The 
scatter of light in the first emulsion necessarily results in a loss of 
definition in the second image and, since such effects are cumulative, 
the loss of definition is even more marked in the third image. This 
limits the tripack to work in which critical sharpness is not required. 

2. Limited exposure latitude. This is due to the fact that the first 
and second emulsions must be as thin as possible in order that the 
maximum amount of light may reach the rear film, and thin emulsion 
layers have little latitude because any appreciable increase in exposure 
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Fic. 363. Wide Transmission Band of a Typical Tripack Red Filter. 


leads to the maximum density which the emulsion will produce. Any 
overexposure leads to excessive image unsharpness in the third negative. 

3. Difficulty of securing balanced exposures. ‘This is due to the 
necessity of adjusting the relative speeds of the three emulsions so as 
to obtain equal densities on all three negatives with the same exposure. 
This is a difficult manufacturing problem. 
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4. The comparatively long time of exposure. Owing to the absorp- 
tion of light in the first two films, a comparatively long exposure is 
required for the rear negative despite the fact that a highly red-sensitive 
panchromatic material is employed. 

5. Inferior color separation. Because of the necessity of maintain- 
ing reasonable exposure times, the red color filter layer transmits more 
in the yellow and orange regions of the spectrum than is desirable 
(Fig. 363). : 

For work not requiring the delineation of fine detail or color accu- 
racy, the modern tripack is quite satisfactory. Its special field of use- 
fulness lies in portraiture where the diffusion of the red record is usu- 
ally of no concern. 

Tricolor Cameras.—Tricolor cameras are designed to divide 
optically the light transmitted by the lens in such a manner as to pro- 
duce two or three separate images in different planes. Such devices are 
sometimes called beam-splitters. A great number of methods of di- 
viding the light from the lens have been developed but the only types 
of interest here are those in which the whole area of the light cone 
transmitted by the lens affects each separation. The tricolor cameras 
in present usage may be divided into (1) the single mirror, and (2) 
the double mirror types. In the single mirror camera, two images are 
formed, one transmitted directly through the mirror, the other reflected 
from the front surface of the mirror. In this type of camera, a bipack 
is exposed at one negative position and a single film at the other. In 
the double mirror camera, one image is formed after passing through 
both mirrors, the other two after a reflection. 

The design of the optical system in one-exposure color cameras is 
limited by the requirement that each emulsion must be evenly illumi- 
nated. Lack of observance of this requirement leads to what is known 
as “color wedging”—a variation in negative density across the emul- 
sions but not the same on each separation. The change in ratio of re- 
flected and transmitted light with varying angles of light incident on 
the mirrors makes this condition difficult to satisfy. In Fig. 364, three 
representative camera constructions are illustrated. In type A, the two 
mirrors are parallel and there is some color wedging on the second and 
third images. In type B, the two mirrors are at right angles to each 
other so that one reflected image is either above or to the left of the 


Coote—Phot. J. 81 (1941) 293. 
Kie1n—Colour Cinematography. 
Watit—History of Three-Color Photography. 
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lic. 364. Three Types of Double Mirror Color Camera Construction. 
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direct image, the other below or to the right. The advantage of this 
arrangement over some others is that the tendency towards uneven 
illumination of the direct and second reflected image is exactly cor- 
rected by having the mirrors at right angles. In type C, the mirrors are 
not at 45° to the optical axis of the lens. This type of construction 
yields negatives, when properly baffled inside the camera housing, that 
are quite free from color wedging and seems to be the most common 
type of present day construction. 
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Fic. 365. Single Mirror Color Camera Using a Bipack. Mirror Angle May be 
Increased Over 45° to Obtain More Even Illumination. 


The optical construction of the single mirror camera is shown in 
Fig. 365. In single mirror cameras, sometimes called “bipack and 
singles,” there are three possible separation combinations. The single 
film may be either a red, green or blue record in which cases the bipacks 
will record blue and green, blue and red, or red and green respectively. 
There are many emulsion filter combinations that can be used to obtain 
the three types listed. In the first place, for example, the single film 
would be a panchromatic emulsion exposed behind a red filter, and the 
bipack a combination of yellow-dyed blue-sensitive film and an ortho- 
chromatic film. In the second case, the single film might be an 
orthochromatic emulsion behind either a yellow or green filter and a 
bipack of blue sensitive or orthochromatic front film with a red filter 
layer and a panchromatic rear film, the pair being exposed behind a 
magenta filter. The third possible combination consists of a single 
blue sensitive emulsion without a filter or with a magenta or violet 
filter and a bipack of orthochromatic red-surfaced and panchromatic 
emulsions in contact behind a minus blue filter. The arrangement 
chosen depends upon the emulsion combinations available and the 
reflection-transmission ratio of the mirror in the camera. The per- 
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formance of the single mirror camera depends upon the quality of the 
negatives produced by the bipack, that is, on (1) the color separation 
obtained, and (2) the sharpness of the image obtained on the rear 
negative of the bipack. On the other hand, the single mirror camera, 
being much simpler than the double mirror camera, is less expensive 
and permits shorter exposure. With the proper choice of subject the 
single mirror camera yields very satisfactory results. 

The modern tricolor camera is generally of metal construction. The 
partially reflecting mirrors are made either of glass or of thin mem- 
branes of collodion stretched over an optically flat metal frame. These 
latter are called pellicle mirrors. Whichever form of mirror is used, 
it may be clear or colored and its surface may be partially metallized 
to obtain the desired reflection-transmission ratio. Pellicle mirrors 
have rapidly replaced the glass mirrors formerly found in one-shot 
cameras. Because of the thickness of glass mirrors, unless special 
precautions were taken, a double image was obtained on the reflected 
beam due to reflections from both the front and rear surfaces of the 
glass. This was sometimes overcome by making the mirror serve as 
a filter so that the back surface reflection would be minimized. The 
color of the filter was usually complementary to the separation nega- 
tive filter. Such an arrangement, of course, would not allow of any 
alteration in position of the separation negatives for different type 
illuminants. A further disadvantage of glass is the refraction of the 
light passing through the thickness of the glass mirror. Due to this 
refraction, one half the image is expanded, the other half contracted. 
This makes registration difficult and no really satisfactory permanent 
compromise can be reached for the refraction distortion. 

All these disadvantages are readily overcome by the use of pellicle 
mirrors, which are so thin that the refraction and double image errors 
are small enough to be negligible. These membrane mirrors may also 
be dyed if necessary, although this is not common practice at present 
except in single mirror cameras. The only drawback to the thin 
membrane type mirror is its susceptibility to mechanical damage. It 
has been proved conclusively that under normal atmospheric conditions 
no difficulty is experienced if reasonable care is exercised. 

Sensitive Materials for Three-Color Photography.—For three- 
color separation work, the only requirement is that three negatives 
finally be obtained which are records of the red, green and blue in the 
subject. The following combinations may be used: 
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Red Record Green Record Blue Record 
Panchromatic Emulsion Panchromatic Emulsion Panchromatic Emulsion 
Red Filter Green Filter Blue Filter 

Orthochromatic Emulsion Orthochromatic Emulsion 

Green Filter Magenta Filter 

Orthochromatic Emulsion Non-color Sensitized 

Yellow Filter Emulsion without Filter 
or with Blue-transmitting 
Filter 


The combination chosen depends on many factors such as availability, 
speed and the characteristics of the various sensitizings. In favor of 
using one panchromatic emulsion with the appropriate filters for all 
three exposures, it has been stated that the sensitometric characteristics 
of the three records will be the same and that, upon keeping, the rela- 
tive speeds and gradations for each color record will change in a similar 
manner. The arguments in favor of separately sensitized emulsions 
revolve about the desire for speed. Because of the low light efficiency 
of the standard green and blue tricolor filters, a much faster combina- 
tion is obtainable from a yellow filter on the green record and a violet 
or no filter for the blue record. Some observers find that the sen- 
sitometric characteristics can be matched about as closely with different 
emulsions as with a single panchromatic one.? The emulsion recording 
the red separation should be of the medium red sensitivity type. Since 
accurate color reproduction necessitates the use of the straight portions 
of the emulsion’s characteristic curve and a wavelength-gamma varia- 
tion as small as possible, these factors should be considered when 
choosing emulsions for color separation. 

For three-color photography, glass plates have the advantage of 
being free from unequal expansion or contraction in processing which 
would disturb the registration of the three color images. Experience 
has shown, however, that films may be used if all three are on the same 
type of base, receive the same treatment in processing, and are dried 
slowly and uniformly while oriented in the same manner. The emul- 
sions on film are generally much more evenly coated than on the same 
size plate and less difficulty is experienced from local color irregularities 
due to such unevenness. 

The material used in the various tricolor cameras is generally pre- 
scribed by the camera’s manufacturer so that a balanced set of color 


2 Houskeeper, Phot. Tech. 2 (1940) No. 2, 26. Colton, Phot. Tech. 2 (1940) 
No. 7, 54. Coote, Brit. J. Phot. 87 (1940) 15. 
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records is obtained. For a given set of mirror conditions and color 
temperature of incident light, the negatives give equal gray scales with 
proper development. Any alterations in the color temperature of the 
light being used, the characteristics of the supplied emulsions or the 
conditions of development will necessitate some form of compensation 
to secure balanced negatives again. When a single mirror camera 
employing a bipack is used, the design is built around some commercially 
available emulsion material and its use is essential for a satisfactory 
balance in the three separation negatives. 

Lighting in Color Photography.—In tricolor photography, both 
the quantity and quality (color temperature) of the illumination are of 
great importance. 

The quantity of illumination required in color photography is gen- 
erally somewhat greater than that necessary for black and white work 
due to the light losses involved in the exposure of the sensitive materials. 
The quantity of illumination must also be considered in respect to the 
different areas of the picture. Color processes are more limited in 
regard to exposure latitude than black and white and therefore pre- 
cautions should be taken to avoid dark pockets which might reproduce 
as colorless holes. Subject matte? of unduly varying luminosity and 
color may require some adjustment in the relative quantity of illumina- 
tion since a fairly dark green and a bright red cannot be given any 
single exposure under constant illumination that will show them in the 
proper ratio in a modern color transparency. Separate illumination 
is often necessary to bring the various hues and values in the subject 
up to light levels that will give a satisfactory reproduction. The 
judicious use of an exposure meter is indicated for accurate color work. 

In black and white photography, the modeling and contrast are sup- 
plied by the subject matter and its lighting. In color photography a 
great deal of both is supplied by the color of the subject. It is 
therefore unnecessary, indeed unwise, to use lightings of very high 
contrast for color photographs unless special effects are desired. Harsh 
highlights tend to be devoid of color and poorly illuminated shadows 
will be black. The lighting should be more like what is termed soft, 
although not necessarily flat.* 

The second attribute of illumination, its quality, is of very real im- 
portance to the color photographer. Commonly used light sources 
differ widely in their energy distribution through the visible spectrum 


8 Haskell, Camera Craft (1938) 110; (1940) 550, 601. Baker, J. Soc. Mot. 
Pict, Eng. 29 (1937) 471. 
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(see Chapter V). Daylight, because of its variations, is not the best 
source for color photography. Some sort of artificial light is a better 
choice. Suitable light sources for color work are shown below: 


Daylichteioods and feshvlampsmenimeeions sa. eee ace 5600° K. 
FOSS © (Gla ball Caper eat nc tone ten tacos RA ec RAPS RET De a 5100° K. 
lashie (Clears latnps) mate seer is mateo aay tess ane 3300-4000° K. 
Ph Otohood Se rare seared sire Seto aie a eke, WERE Re eA oes a 3300-3450° K. 
Flichwintensity stungstenmampsusmc aetna core 3000° K. 


The type of light source employed is of little importance as long as 
(1) the various color records are balanced for the chosen color tem- 
perature, and (2) the various light sources are all of the same color 
temperature (exceptions for special effects). Reasonable precautions 
in regard to reflected light, lamp reflectors and diffusers should be 
employed. The use of a color temperature meter * for testing illumina- 
tion is quite helpful. The light source should emit radiation in each 
region of the visible spectrum without sizable dark regions or pro- 
nounced bright lines. Sources of the latter two types, while quite 
usable, will occasionally give false color rendition of certain hues 
affected by the uneven spectral distribution.® - All possible precautions 
should be taken to hold the color temperature of the illumination 
constant at a predetermined value. The use of voltage regulation is 
advisable in most locations as very small fluctuations in line voltage lead 
to large changes in the color temperature of the emitted light.® 

Lens.—A good color-corrected anastigmat should be used for 
making three-color negatives; other lenses may not produce images of 
the same size or sharpness on all three negatives. For the highest 
quality work where accurate registration, even on a sizable enlargement, 
is necessary, the use of an apochromat is advisable (see Chapter IT). 

The color filters chosen should not impair the definition of the lens. 
For the longer focal lengths, optically flat filters or gelatin sheets must 
be employed. 

The use of a lens hood is advisable to minimize the effects of scattered 
light or flare, especially with the tricolor camera. 

Reference Object.—It is helpful to include in the scene a refer- 
ence object consisting of a scale of gray tones. This reference object 


4 Lowry and Weaver, J Soc. Mot. Pict. Eng 32 (1939) 298. 
5 Sources such as Fluorescent Tubes and Kodatron Speed Flash Lamps fall into 


this category. 
6 Forsythe, Phot.Tech. 1 (1939) No. 6, 20. Dudley, Phot.Tech. 1 (1939) No. 


10, 8. 
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is useful (1) to insure proper balance of both density and contrast in 
the three separation negatives, and (2) to aid in the determination of 
positive exposure times and judgment of the best print quality. The 
reference object should consist of a scale of gray tones from white 
to black and each step should be large enough on the negatives to be 
read in a densitometer. The density range of the gray scale should 
preferably include all densities present in the subject in which accurate 
color reproduction is desired. The gray scale should be placed in the 
picture area so that it will receive the same illumination as the im- 
portant parts of the subject. Any variation in the illumination will 
lessen its value as a reference object. The gray scale should appear on 
the separation negatives somewhat away from the edge to avoid any 
emulsion variations along the margins of the negatives. For small 
objects, the Wratten copyboard chart forms a convenient reference 
object. In addition to a scale of grays, it contains registration lines 
and color patches to aid in the identification of the three negatives 
after development. When larger scales are required, such as in out- 
door work, a suitable scale of grays may be made by exposing sheets 
of developing-out papers and developing so as to obtain a neutral black 
deposit. The number of steps may vary from two, a white and a black, 
up to about ten. The more steps available, the more complete, useful 
and accurate the information provided. 

Filter Factors and Exposure.—The filter factors for color separa- 
tion negatives show the amount of exposure increases necessary for 
the various filters to produce negatives in which the reference gray 
scale will be of the same densities as in a negative exposed without any 
filter. With a panchromatic material, the filter factors for the set of 
three-color filters approved by the manufacturer are determined by 
test for each emulsion number and printed on a card which is packed 
with the films or plates. While these values are accurately determined, 
they should not be accepted as final, since the factor of a filter depends 
upon a number of considerations (see p. 462) for which it is difficult 
to make allowance. Slight alterations in the color temperature of the 
light source, development to different gammas or even the age of the 
sensitive materials might necessitate a minor revision of the filter 
factors. The standard tricolor filters of a single manufacturer are not 
exactly alike as to their transmission, and filters should be kept together 
in sets and the exact factors checked with the filters to be used in 
practice. 


Kastman Kodak Co., Photography of Colored Objects, Chapter IX. 
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For all but the most precise work, it is sufficient to make a set of 
trial exposures under similar conditions to those to be employed later, 
using the factors submitted with the sensitive material. When prop- 
erly developed, the gray scales on the three separation negatives may 
be compared visually or with a densitometer. Suitable exposure and 
development adjustments are then made, if necessary, to insure that 
the scale densities are alike on each color record. For most types of 
work, it is of greater importance to have the negatives match in con- 
trast rather than in density, but if the subject is one of a rather long 
brightness range, the densities should be matched as closely as possible. 
Any deviation from equivalence will make some colors record beyond 
the correct reproduction region of one of the emulsion’s characteristic 
curves and inaccurate color reproduction will result. For the most 
precise work, account must be taken of the failure of the reciprocity 
law and the filter factors determined under the proper exposure con- 
ditions.” 

Development.—It is important that the three color separation 
negatives have not only approximately the same density levels but also 
that their contrasts be alike so that each step on the gray scale of one 
negative finds an equal density on the other two negatives for the 
same step. Contrast for color separation negatives is generally in- 
dicated by the term “density range” rather than “gamma.” The den- 
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Fic. 366. Wave-Length-Gamma Curve for a Typical Panchromatic Emulsion 


sity range is simply the difference in density readings of the black and 
white portions of the gray scale reference chart, assuming that the 
chart range includes all densities present in the subject. 


7 Tupper, Phot.Tech. 2 (1940) No. 5, 29. 
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Due to the gamma-wave length characteristics of the photographic 
emulsion, it is generally necessary to develop the three separation nega- 
tives for different times to obtain satisfactory balance. Panchromatic 
emulsions have lately appeared in which the gamma-wave length varia- 
tion is relatively slight but it is not uncommon to have to increase the 
development for the blue separation record about fifty per cent over 
that necessary for the red and green records. A typical wave length- 
gamma curve for a panchromatic emulsion is shown in Fig. 366. The 
variations in developing time must be borne in mind when determining 
the filter factors for the three color records. A given panchromatic 
emulsion may also show varying shaped characteristic curves when 
exposed to radiation of different wave lengths. This unfortunate 
condition may only be overcome by the choice of appropriate emulsions 
and developers. 

The contrast to which the negative should be developed depends upon 
the procedure to be used in making the three-color print. If the print- 
ing process increases contrast, the contrast of the negatives must be 
correspondingly lower, while if the contrasts obtained in the positive 
stage are low, then the negatives must be developed to a higher degree 
of contrast. In general, soft, well-graded negatives with slightly less 
contrast than would be employed in black and white work are desirable. 
A successful set of negatives depends to a large extent on the care 
taken in developing. Uneven development will result in color patches 
when the negatives are printed, and it is practically impossible to cover 
up such deficiencies in the printing. Since the eye is much more 
sensitive to variations in color than it is to variations in black and 
white, extreme precautions must be observed to avoid any unevenness. 

It is advisable to develop separation negatives in a developer that 
gives a neutral image deposit, since (1) a colored image would have a 
somewhat different visual and photographic contrast, and (2) negatives 
that may later be masked with other negatives or positives should have 
neutral images on both emulsions to avoid anomalous sensitometric 
curves when used together. 

Development may be carried out in either a tray or a tank. In the 
latter case, it is essential that each image be oriented the same way to 
avoid color wedging. In tray development, a rather large volume of 
solution should be used in a tray at least one size larger than the 
negative being developed. Local variations in development are dif- 
ficult both to avoid and to trace to their source. Continuous irregular 
agitation or brush development is advisable unless automatic devel- 
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oping machines are employed. Negatives developed under varying 
conditions of agitation may show a series of sensitometric curves similar 
to those found upon small variations in developing time (Fig. 367). 
Precautions must also be taken to keep the temperature of the devel- 
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Fic. 367. Change of Gamma with Agitation (Agfa Diamond). 


opet constant to within + 1° F. since small temperature changes 
give very decided differences in negative contrast. To help keep de- 
velopment conditions constant, it is advisable to use a fresh volume of 
developer solution for each color record or set of separations. The 
importance of satisfactory negative balance and even development 
cannot be over-emphasized as the success of the color print is entirely 
dependent upon the quality of the separation negatives used to produce 
rts 


8 Clark, Phot.Tecch. 2 (1940) No. 10, 54. 
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Introduction.—Additive systems of color synthesis have several 
advantages over the subtractive synthesis used in the common three- 
color paper reproduction processes (see Chapter XXXII). The addi- 
tive processes are not suitable, however, for prints on paper and are 
therefore of little practical interest to the professional photographer. 
Even in motion picture work, the difficulties with additive processes in 
projection and cost make the subtractive printing methods of more 
general commercial interest. 

Types of Subtractive Printing—AIl three-color subtractive 
processes use the colors cyan, magenta and yellow in printing from the 
red, green and blue separation negatives. The exact shades of cyan, 
magenta and yellow used in the various processes varies widely, al- 
though the ideals would be optically equivalent to the additive synthesis 
colors. The cyan and magenta are the poorest colors and are often, in 
reality, blue and red. The color of most yellow print mediums is quite 
satisfactory. The procedure for all subtractive processes is to super- 
impose in register the three colored positive images made from the ap- 
propriate color separation negatives. A classification of photographic 
subtractive printing processes on the basis of their method of forming 
the colored images shows six distinct types of processes. The lines of 
demarcation between the various methods cannot be drawn too clearly 
since some commercial processes are in reality combinations of the basic 
types listed. This chapter will be devoted to a discussion of the various 
processes involving the superimposition of three positives to produce the 
final print, leaving integral tripacks for a following chapter. 

Metallic Toning.—The three-color toning processes make use 
of the principle common in producing colored pictures in monochrome— 
the replacement of the black silver image by an image of another me- 
tallic compound which gives the desired color. The procedure for 
three-color prints is similar, although more complicated, to that em- 
ployed in obtaining a sepia print by redevelopment. Successful three- 
color metallic toning processes are relatively new in color photography 
because (1) a satisfactory magenta color has not been obtainable until 
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recently, and (2) a satisfactory balance of density and contrast in the 
three images was difficult to obtain. 

A satisfactory metallic cyan image has been available for some time 
in the standard iron toning baths. Many variations of this toner have 
been in common use, especially for two-color motion. picture processes 
and for making blue toned prints in monochrome photography. Yellow 
images are readily obtainable by the conversion of a silver image to 
yellow lead chromate, cadmium sulfide, or nickel ferricyanide. Of 
these three the first two produce the best hues. The search for a satis- 
factory magenta metallic image was fruitless until 1930. Between 1930 
and 1936, several British and United States patents were granted for 
obtaining the magenta images with Nickel Dimethyl-glyoxime or p- 
dimethylamino-benzylidenerhodanine. Previous toning methods had 
made use of uranium and copper toners which, while rather useless for 
three-color photography, were quite successful in two-color processes 
since the image color was red rather than magenta. 

With the devolpment of a satisfactory magenta toner, the remaining 
difficulty was in the compounding of the three toners so that satis- 
factory density, contrast and control were available for each color. The 
successful conclusion of this investigation and the introduction of a con- 


Chromatone Process, Defender Photo Supply Co., Rochester, N. Y. 
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venient positive stripping film on a removable paper support prepared 
the way for the launching of a commercial toning process of three-color 
photography by the Defender Company, under the name of Chromatone. 

In brief, the Chromatone process necessitates the making of three 
black and white positives on a special collodion stripping paper. Con- 
siderable opportunity for the control of contrast is afforded by varia- 
tions in the processing of the positive images. The stripping paper 
is available in two grades of contrast and several developers are sug- 
gested. Exposure and development are altered until equal gray scale 
neutrals are obtained on each of the three positives. After develop- 
ment, the three positives are fixed in a non-hardening fixing bath 
and washed thoroughly before toning. During washing, the water 
soluble adhesive layer securing the emulsion coated collodion to the 
paper base is softened enough to permit the removal of the image- 
bearing collodion film from the paper backing, which is discarded. 
The three positives are next toned to the proper colors. The magenta 
is obtained by bleaching in a bath of a nickel salt, potassium ferri- 
cyanide, and various other reagents to control the conversion to nickel 
ferrocyanide. After washing, the white image is then converted to 
nickel dimethyl-glyoxime and treated with hypo to remove the silver 
ferrocyanide, the desired transparent magenta image remaining. The 
cyan image is obtained in a similar manner, being converted to an iron 
instead of a nickel compound. ‘The yellow image is obtained by bleach- 
ing in a lead nitrate bath to lead ferrocyanide and then converting to 
yellow lead chromate. Precautions must be observed in carrying out 
the toning to avoid the possibility of contaminating one solution with 
another. After toning and a final washing, the three colored films are 
ready for assembly. If necessary, a slight reduction in the intensity 
of the various images may readily be made since the yellow and magenta 
images are somewhat soluble in acid and the cyan in alkali. Caution 
must be exercised in controlling any such reduction since the highlights 
are reduced rapidly, and all alkali and acid must be removed before the 
films are assembled. The yellow image, being the most opaque of the 
three, is squeegeed to a wet gelatinized paper and the other two super- 
imposed in register, the whole assembly being taped to a glass support 
and dried. The surface of the print may be altered during assembly 
or before mounting. 

Dye Toning.—The dye toning process involves the replacement 
of the positive silver image by a compound having an affinity for dyes. 
These methods are sometimes called dye mordanting processes since the 
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compound replacing the silver image acts as a mordant for the coloring 
matter. The most commonly used mordants are silver iodide, several 
metallic ferrocyanides and sulfocyanates as well as various complex 
compounds composed of two or more substances of the above types. 
Mordants for color photography should, of course, be as transparent 
and colorless as possible, and several of the above mentioned possi- 
bilities are satisfactory. 

In general, basic dyes are more readily attached to the available mor- 
dants than the acid dyes and are used for most dye toning. The usual 
procedure is to make three thin, low contrast positives on film and then, 
after fixation and washing, treat them with the chosen mordanting bath. 
After the silver image is converted to the mordant, the films are washed 
and dyed in weak solutions of the appropriate basic dyes. A final wash- 
ing clears the non-image portions of dye. The three images are then 
registered either as a transparency or stripped from their supports and 
superimposed to form a print on a white support.t 

The dye mordant processes are capable of yielding highly accurate 
color pictures due to the brilliance and desirable hues of the basic dyes. 
The chief disadvantages of processes of this type are the difficulty in 
holding clear whites and the lack of permanence of the dyes used. 
Little commercial color photography is practiced today with the dye 
toning processes. 

Relief Processes.—Several methods of making color photographs 
may be classed as relief processes. A relief process is one in which, in- 
stead of an image composed of silver in gelatin, there is a layer of 
material, usually gelatin, of variable thickness—the thickness being 
varied in the same manner as the quantity of silver in the usual print. 
It might be said in describing such a film that instead of having a vari- 
able density (silver image), it has a variable thickness (gelatin relief 
image) (see Fig. 368). 

Under the heading of Relief Processes are included two of the most 
common paper color print processes—Carbro and Relief Imbibition. 
The cross mixtures of relief formation and coloring materials testify 
to the thorough search that inventors have made for practical methods 
of making color prints. Thus, there are relief processes in which the 
relief is colorless gelatin, which is later dyed, the final print being made 
by imbibition, and those in which the reliefs are permanently colored 


1 Friedman, Amer. Phot. 32 (1938) 209; 35 (1941) 145, 210, 302. 
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with pigments which themselves compose the final image. The produc- 
tion of the relief itself, no matter how used later, may be carried out by 
a variety of methods as indicated in the process classification table. 


(B) 


Fic. 368. A Normal Photographic Image (4) Composed of Silver Grains 
Which Give the Photographic Density. A Similar Relief Image of Gelatin 
(B) May be Clear or Contain Some Coloring Material. 


Tanning Development.—Gelatin relief formation by means of 
tanning development depends on the fact that the oxidation products of 
certain developing agents, notably pyrogallol, pyrocatechin and hydro- 
quinone, exert a tanning action on gelatin. This reaction occurs wher- 
ever the silver image is formed, the remainder of the gelatin being un- 
affected. The tanning action depends on the composition of the de- 
veloper. Preservatives such as sodium sulfite retard the oxidation of 
the developer and if present in large enough concentrations may prevent 
any tanning of the gelatin. Most formulae compounded for tanning 
development contain a minimum or no preservative. A typical de- 
veloper, for example: 
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The production of gelatin reliefs by means of tanning development 
must be carefully standardized since the insolubilization of the gelatin 
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goes on after the film is removed from the developer. A constant wash 
followed by fixation and bleaching is carried out before the removal 
of the unhardened gelatin by hot water. 

The Duxochrome process for color prints makes use of a tanning 
developer, pyrocatechin, in the production of three relief films. The 
Duxochrome films are sensitized with the usual silver halides but in ad- 
dition contain coloring pigments suspended in the gelatin. These films, 
colored cyan, magenta and yellow, are exposed through the film base 
to the proper negatives and developed in the tanning developer which 
tans the gelatin wherever silver halide is reduced. The films are then 
developed in hot water which dissolves the soluble gelatin and bleached 
in a reducer to remove the developed silver. The colored gelatin relief 
positives may then be placed in register for a transparency or dried in 
succession onto a paper base to make a paper print. This process allows 
considerable latitude and control of the various color images but has 
never been very popular in the United States. The pigments composing 
the final image are not so brilliant as dyes and are somewhat grainy.” 

Reliefs made by tanning development have also been used widely for 
imbibition dye printing. The Technicolor Corporation made many 
colored motion pictures by printing from such matrices. The hardness 
of the relief after suitable tanning development is an important factor 
where many successive printings are desired from a single set of mat- 
rices. Matrices prepared in the above manner may therefore be used 
for color printing on paper by the imbibition process as successfully 
as reliefs made by dichromate hardening solutions. 

Hardening Action of Light on Dichromated Colloids.——One of 
the most important photographic reactions is the hardening * action of 
light on dichromated colloids, discovered by Ponton in 1839. The 
photo-mechanical processes as well as strictly photographic procedures 
make continual use of this reaction. The colloid used in color pho- 
tography is always gelatin which may be either clear or contain some 
coloring pigment in suspension. If such a gelatin film is bathed in a 
solution of a dichromate and dried in the dark, it becomes light sensitive. 
When exposed under a negative to a strong actinic light the gelatin be- 
comes insoluble in proportion to the intensity of the exposure. If the 


2 Phot. Ind. 38 (1940) 558. 

3 For the purposes of color photography, tanning and hardening give the same 
result—the insolubilization of the gelatin. Strictly speaking, tanning is a re- 
versible reaction while hardening is not reversible. Grutzne, Gelatine-Leim und 


Klebstoffe, Jan. 1939. 
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film is placed in warm water, the unaffected gelatin may be dissolved 
and removed. 

The Carbon process, which has largely been superseded by carbro, 
employed this procedure for making three-color prints. Belcolor and 
Dufaytissue are modern adaptations employing the same basic reactions 
with new technique and materials. In general, both of the last processes 
are alike in that pigmented gelatin films are sensitized in bichromate 
solutions and dried in the dark before exposure to the proper separation 
negatives. After exposure through the film base under strongly actinic 
light, the films are developed to reliefs in hot water. Some local con- 
trol may be exercised with very hot water in areas requiring reduction. 
When a satisfactory balance is secured the films may be dried. The 
three colored films may either be combined to form a transparency (if 
the contrasts are sufficiently high) or the films may be superimposed 
on paper to form a paper print. By using a suitable cement, the pig- 
mented gelatin may be secured to the paper and the transparent films 
removed. As transparencies, these processes have found wide accept- 
ance in the graphic arts fields for use as color guides because of the 
simplicity and rapidity with which they can be prepared. 

Hardening Reaction between Silver and Dichromated Colloids. 
—The result considered in the previous section may be duplicated in 
a simple manner by means of a reaction discovered by Howard Farmer 
in 1899. If a developed image consisting of finely divided silver is 
treated with a suitable dichromate solution, the gelatin surrounding the 
silver grains is hardened in a manner similar to the hardening of a di- 
chromated colloid by light. This interesting reaction is the basis for 
two of the most widely used color processes, relief imbibition printing 
and carbro printing. In appearance these two processes are dissimilar 
but in reality they are dependent on a similar chemical reaction. The 
exact reactions are not known but it will suffice to say that the dichro- 
mates are reduced and one or some of the reaction products are capable 
of hardening gelatin. In the relief imbibition process, the hardening 
action takes place around the individual silver grains while in the case 
of carbro the hardening action is transferred to an adjoining layer of 
gelatin. In both processes the unaffected gelatin is washed away with 
hot water, leaving a positive relief image of gelatin. In imbibition 
printing the relief is of clear gelatin which is later dyed, the dyes being 
transferred to a paper base. In carbro, the gelatin reliefs contain pig- 
ment and the final print is composed of a combination of the three pig- 


4 Beale, Phot. J. 81 (1941) 108. 
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mented relief images on a single paper support. As these two processes 
are widely used for commercial and amateur color printing, it would 
seem advisable to review briefly the procedures employed. 

Relief Imbibition Printing.—The introduction in 1934 of Wash- 
off Relief film by the Eastman Kodak Company and their presentation 
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of an outline of procedures made the relief imbibition process gener- 
ally available. This method of color printing was not new, but satis- 
factory materials for its practice were not previously obtainable. Since 
the publication of the method under the name of the Eastman Wash-off 


Color Printing with Eastman Wash-off Relief Film—Eastman Kodak Co. 
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Relief Process, other manufacturers have introduced similar blue sensi- 
tive as well as panchromatic emulsions for relief production and dyes for 
printing, along with several minor modifications of procedure (Fig. 369). 

Making the Reliefs.—The Relief films available are fine grained 
positive emulsions having speeds similar to fast projection papers and 
are a development from duplicating film. The emulsion is dyed yellow 
during manufacture with a dye such as tartrazine which is removed 
during processing. Exposure by contact or projection is made through 
the film base to keep the entire latent image in contact with the support 
so that the relief image will remain attached to the film base when 
“developed” in hot water. The contrast of the positive may be con- 
trolled by altering the color of the exposing light since the opacity of 
the yellow colloid is greatest for blue light and least for yellow light. 
Use may also be made of the emulsion’s inherent variation of contrast 
with the wave length of the exposing light. A series of filters such as 
violet, blue, blue-green and yellow-green will give images of increasing 
contrast after compensation is made for the exposure increases required 
by the differently colored exposing lights. A rough approximation to 
the exposures may be found by using a projection paper of similar 
speed. For development, a number of developers have been recom- 
mended ranging from the soft DK20 up to a contrast developer such as 
D11. The addition of small quantities (two grams per liter) of potas- 
sium thiocyanate to a normal developer leads to slightly lower.contrast of 
the relief image, especially in the highlights. Processing may be carried 
out in trays or in film hangers in a tank. After development, the films 
are thoroughly washed to stop development and remove all traces of 
the developer, especially the sulfite. When washing is complete, the 
films are bleached in an acid bichromate bath containing a halide salt 
such as Kodak Formula R-10a. A small volume of bleaching solution 


Stock Solution I Stock Solution II — 
MGT 5 5 paren ag Sro.8 500 cc. 16 oz. | Sodium Chloride..} 45 gm. 11% oz. 
Ammonium Bichro- Water to make...| 1 liter | 32 oz. 
IMACCE partes 20 gm. | 290 gr. 
SaltumicsNcidi@ eae 4 ce. il tale 
Water to make...... 1 liter S2NOZ, 


1 part Solution A 
For use take; 1 part Solution B 
6 parts water 
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should be mixed shortly before use in a tray and then discarded. If 
the films are processed in hangers, using deep tanks, a mixed bleaching 
bath may be used about four hours before being discarded. The final 
stages of bleaching and subsequent processing steps may be carried out 
in bright light. The bleaching of the silver image is accompanied by 
the hardening of the gelatin by the reduced chromic salts. The silver 
is converted to silver chloride. When all of the silver is bleached, the 
films are “developed” in hot water (52° C.) to remove the unhardened 
gelatin. As the hardening reaction only occurs at positions containing 
a silver image after exposure and development, the layer of gelatin 
remaining after the hot water treatment shows as variations in thick- 
ness what the silver image formerly showed as density. When all the 
soluble gelatin has been removed, the films are cleared of the remaining 
white silver halide by immersion in a plain or hardening acid hypo 
solution. The relief “development” may also be carried out in cool 
20% solution of ammonium thiocyanate which not only removes the 
soluble gelatin but also fixes the remaining silver halides. The solution 
may be stored and used repeatedly. The films are then thoroughly 
washed, briefly hardened in a solution of formalin, and dried. The 
three films are now ready for dyeing in the appropriate dyes. If de- 
sired, the faint brownish gelatin stain may be removed by a perman- 
ganate bleach. The removal of the stain makes judgment of the color 
balance before printing somewhat easier and improves the clarity of 
films to be bound together for use as a color transparency. 

The judgment of the correct exposure seems to be one of the more 
difficult steps in imbibition dye printing. The most accurate results 
are secured by dyeing the reliefs and examining the three together or 
each one individually as seen through the complementary colored filter. 
The judgment of exposure may also be made by viewing the relief 
film directly after the hot water development but before fixation. At 
this stage, the highlights should be slightly veiled—only experience will 
tell the exact amount. For consistent results, the processing of relief 
films should be standardized as thoroughly as possible and development 
times and temperatures strictly adhered to. 

Many variations on the procedure of matrix making have been pub- 
lished. For example, a stop bath of acetic acid may be used directly 
after development followed by a shorter washing, or the films may be 
fixed and dried before bleaching. Panchromatic relief emulsions are dyed 
black and exposures may be made from integral color negatives through 
tricolor filters. The exact procedure followed is not of vital importance 
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so long as the manipulation is satisfactory and reproduceable. Various 
procedures are available from the dye or film manufacturers and should 
be consulted before making the matrices. 

Dyeing the Reliefs—The dyes used for imbibition printing are 
generally of the acid type and their choice is quite critical as regards 
their hues and transfer characteristics.°5 The dyes may be prepared by 
the user or packaged products are commercially available that have been 
especially prepared for imbibition relief printing. Whatever dyes are 
used the matrices are placed in the proper dye solution until absorption 
is complete and then the excess surface dye is rinsed off with dilute 
acetic acid. The sole purpose of the acid rinsing is to remove all 
surface dye and prevent any bleeding of the dye from the gelatin relief 
image. The acid rinse bath should be of as low a concentration as will 
keep the dye from bleeding, generally about one-half per cent acetic 
acid. Transfer of the three images is carried out by printing the slow- 
est transferring dye first and the most rapid dye last. As the rapidity 
of transfer of any given dye is retarded by an excess of acid on the 
paper, the lower the necessary acid content of the rinse baths, the 
more rapid the dye transfer. The thickness of the relief is another 
controlling factor in the rapidity of transfer and the most rapid trans- 
fers are obtained by using soft low reliefs and dyes of considerable acid 
content to give the desired contrast, rather than contrasty thick reliefs 
and low acid content dyes. Both heat and pressure tend to accelerate 
dye transfers. Rapid dye transfers also give a print showing the 
maximum possible definition since image bleeding increases with the 
time interval between dye absorption and drying. 

The quantity of acid added to the dye solution controls the absorption 
and therefore the contrast of the dye image. Prepared dye products 
are generally arranged so that equal additions of a weak acetic acid 
solution to each of the three dyes will give equal increase of contrast. 
It is rarely true that the three dyes will stay in balance over a sizeable 
range of contrasts with equal additions of acid and the best print is 
not necessarily obtained by having the same quantity of acid in each 
dye bath—assuming the relief images are made from negatives which 
were originally in balance. 

One of the most useful characteristics of imbition printing processes 
is the ease with which slight variations of density and contrast may be 
made after the printing positives are prepared. A reduction in the 


5 Friedman, Amer. Phot. 34 (1940) 529, 609. Colton and Thronson, Phot.Tech. 
2 (1940) No, 11, 54. 
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density of any one or all of the colored images is possible by washing 
the matrix down slightly in plain water. When the desired reduction 
has taken place, the film is returned to the acetic acid rinse bath. 
Alterations in contrasts are also readily made either by increasing or 
decreasing the acidity of the dye baths. 

The actual dye transfer is made onto a prepared gelatin surface. 
The gelatin is generally treated with a mordanting solution which 
provides a medium with an affinity for acid dyes and helps prevent 
spreading of the image in the gelatin. The gelatin surface may be 
either ordinary photographic paper which has been fixed or it may 
be a plain gelatin surface on a paper, film or glass support. Alumi- 
num hydroxide is a typical mordant for acid imbibition dyes. The 
acidity of the gelatin layer must be carefully controlled for efficient 
transfer of the dyes, and buffer solutions may be employed in connec- 
tion with the mordanting operation to leave the gelatin surface at the 
proper pH.° Imbibition printing papers that have been mordanted are 
also available commercially. Whatever material is used, it must be 
carefully expanded in water before any transfers are made and must 
be kept moist during the dye transfers. As there is some slight diffusion 
of the dye images after they are in the paper, it is advisable to dry the 
print as quickly as possible after the transfers are completed. A very 
slight increase in contrast and change of hue occurs with most dyes 
when dried but the alteration may be compensated for before transfers 
are begun. 

For a limited number of prints, the registration of the three images 
may be done during the printing operation by using a thin layer of 
film base between the dyed relief and the prepared gelatin surface. 
When register is obtained, the film may be removed and the relief 
squeegeed into intimate contact with the transfer surface. For quan- 
tity production, the relief films may be perforated along the margins 
and registered mechanically on the transfer board supporting the 
transfer paper. In fields requiring a number of successive pictures, 
the relief imbibition method is most practical. With moderate care, 
the relief films are capable of producing a series of duplicate color 
prints. For work of this nature, dyes are chosen having very short 
transfer times and registration is done automatically. Due to the 
abrasion of the gelatin reliefs and their absorption of various ingredi- 


6 Brit. J. Phot. 86 (1939) 435; 87 (1940) 611. 
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ents from the transfer papers, the number of acceptably comparable 
prints is limited to approximately one hundred and fifty per matrix.’ 

Three-color Carbro—The Carbon process was for a long time 
the only really practical means of printing from three color negatives. 
In recent years, it has largely been superseded by three-color carbro. 
Three-color carbro, while more exacting in its technique than other 
processes in general use, in capable hands is still unsurpassed. The 
procedure, in general, is the same as monochrome carbro (see Chapter 
XXV) except that three color pigments are employed and several image 
transfers are required. 

Bromides.—The basis for a satisfactory three-color carbro rests 
on the bromide prints made from the color separation negatives. The 
emulsions employed are usually specifically coated for carbro printing 
and do not have the gelatin anti-abrasion overcoat generally placed on 
sensitive photo papers. The emulsions are of the fast projection type 
and are obtainable both in cut sheets and rolls. Care must be taken to 
have the paper grain run in the same direction on each print of a color 
set to avoid unequal expansion and later registration difficulties. The 
cut sheets available for carbro come with the same grain orientation 
throughout a package. 

The production of a three-color carbro print does not offer as much 
opportunity for photographic corrective measures as is available in 
relief imbibition printing. The two stages where corrections can be 
made, however, offer enough variations to enable considerable adjust- 
ments to be made. The bromide printing step offers the first and most 
reliable stage of control in that variations of both density and contrast 
of any or all three images may be carried out during exposure and de- 
velopment. Exposure determinations are generally made from the 
cyan printer. The safest criterion is a slight veiling over of the high- 
light portions of the image corresponding to subject areas containing 
little or no cyan color. <A gray scale, if properly illuminated when the 
subject was exposed, may also be used. When a tentative exposure 
has been determined for the cyan printer bromide, the magenta and 
yellow printers are exposed and developed so that identical gray scales 
are obtained on each print. Such a result will be obtained with equal 
exposures and developments, given negatives of equal densities and 
density ranges. If the maximum density varies, compensation of ex- 
posure may be calculated from the density readings. If the contrasts 
of the three separation negatives are different, all possible steps should 


7 Colton, Phot.Tech. 3 (1941) No. 11, 20. 
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be taken to make the contrasts of the positive images identical. Con- 
siderable variations are feasible by making use of variable contrast 
developers or using two or three different developers (Fig. 370). The 
use of a reflection densitometer is quite helpful but not essential as 
scales on paper may be quite accurately compared visually. The inclu- 
sion of a gray scale in the original scene is of inestimable value when 
corrective work is necessary. 


DENSITY 


LOG E 


Fic. 370. Contrast Variations Obtainable with Various Developers and a Com- 
mon Carbro Printing Paper. 


Development must be carefully standardized as to time and tempera- 
ture to make possible reproduceable results. Slight variations that 
would be of no importance in black and white will give an unsatisfac- 
tory color print. An acid stop bath rinse is advisable for the bromides 
followed by fixation in a non-hardening fixing bath. With occasional 
agitation in a fresh fixing bath, five minutes fixation should be suf- 
ficient and all prints should be treated alike. A thorough wash in 
water, at least an hour, will leave the bromides ready for pigment 
printing. The acidity of the paper determines to some extent the 
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density of the pigment image obtained from a given bromide. Since 
wash water varies in alkalinity at various locations in the country, it is 
advisable to bring bromides to a definite pH value after washing. A 
number of buffer solutions may be prepared which will enable the 
operator to hold the bromides to the desired pH value. A value of 
roughly 6.5 seems to be a happy medium. The bromide prints, after 
washing, are swabbed off with a 2% acetic acid solution to remove any 
surface alkali. Afterwards they are briefly washed and then brought 
to the proper pH value by soaking in a tray of appropriately buffered 
water. The bromides are then ready for pigment printing or they may 
be dried before use. If dried, the prints must be suspended from two 
corners and all oriented in the same manner. 

Preparing the Celluloids——The sheets of celluloid on which the 
pigment images are developed should be at least 2 inches larger in each 
direction than the prints and about 4,5 of an inch thick. After clean- 
ing with turpentine, one surface of each> celluloid is waxed with a 
special waxing solution and a polishing pad of lintless cloth. The 
celluloids must be fully covered with a minimum of wax and polished 
until no more can be removed. An excess of wax will lead to frilling 
of the pigments during development and insufficient wax will lead to 
difficulty in removing the pigment images from the celluloid. 

Sensitizing.—The sensitizing solution for soaking the pigment 
papers may take several forms both as to constituents and their division 
into separate baths and combinations. The most widely used sensitizers 
are combinations of bichromate, bromide and ferricyanide, although 
copper chloride is sometimes used. There has been a decided tendency 
to adopt the single bath procedure in recent years and such a sensitizing 
formula is given below: 


Stock Solution I 


Potassium Ferricyanide............ 50 gm. 107293 or 

Potassium Bromide neaee ener erin ae 50 gm. iozs293ier 

Ammonium Bichromate (A. R.)..... 15 gm. 219 gr. 

Waters (not Oviereio) Hio)i ton sca eee 1000 cc. S2mROZ. 
Stock Solution II 

ChromiceNctdshlakesser ee eons 10 gm. 146 er. 

Waterstone tat nh ea ee: 1000 cc. SZ OZA 
Stock Solution III 

Rormralinme tater tie. coche ack cree a 50 cc. 1.6 oz. 

Waters to srgrputtesae not. hice ben dean ard 1000 cc. SZ OZ: 


Tricolor Pigment Printing, Devin-McGraw. 
Making Color Prints with 3 Color Pigment Paper, National Photocolor 
Corporation. 
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For use take 200 cc. of Solution I, 100 to 150 cc. of Solution II, and 10 
to 20 cc. of Solution III. The exact quantity of stock solutions used 
depends somewhat upon the pigment paper employed, and the manu- 
facturers should be consulted for the best combination to employ with 
the paper in use. 

The second possibility of control occurs in the use of the sensitizing 
bath, although worthwhile variations of contrast are considerably less 
than those obtained in the development of the bromides. The quantity 
of No. II stock solution used determines the contrast of the pigment 
image, the smaller quantities giving the most contrasty result. 

The pigment papers, cut slightly larger than the bromide prints, are 
first soaked in cold water until they become limp, and then placed in 
the sensitizing solution in the order of cyan, magenta and yellow. The 
sensitizer should be kept around 18° C. to prevent excessive swelling 
of the pigmented gelatin. Each pigment stays in the sensitizer for 
three minutes and they are therefore removed in the same order at one 
minute intervals. When the cyan pigment is ready to be removed, the 
bromide print is placed on a glass plate and covered with a pool of 
water and the sensitized pigment paper is lowered onto it and rapidly 
squeegeed into contact to remove all water and air between the two 
surfaces. This sandwich is then laid aside. The same operations are 
then carried out for the magenta and yellow pigment papers and their 
bromides. Several types of apparatus are available for combining the 
bromides and pigment paper with ease and consistency. After the 
bromides and pigments have been in contact for approximately ten 
minutes, the bromides are separated from the pigment papers and placed 
aside for redevelopment. Each pigment is then squeegeed, after being 
soaked briefly in cold water, to one of the waxed celluloids. All air 
bells must be removed and intimate contact between the pigment and 
waxed surface obtained. 

Carbro pigments are somewhat affected by the temperature of the 
surroundings during sensitizing and bleaching operations. Modern 
gelatin pigments are less susceptible than the older types but precau- 
tions should be taken to keep the pigment papers between 18 and 
20° C. Higher temperatures lead to veiled highlights. 

Hot Water Development.—After approximately ten minutes, the 
celluloids may be placed in trays of hot water (50° C.) with the pig- 
ment paper uppermost. When the pigment commences to ooze out 
from the edges, this is the signal for the backing paper to be stripped 
away very carefully from the celluloid, during which operation the 
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celluloid must be kept under the water. The pigment backing paper 
is discarded and development of the celluloids is continued until no 
more pigmented gelatin can be removed. Each celluloid is then given 
a brief rinse in cold water and set aside to dry. 

Transfer to Soluble Support.—A piece of soluble support paper 
(coated with gelatin soluble at about 45° C.) is expanded in water for 
about ten minutes and when the cyan image is dry, it is also soaked 
for several minutes in water at room temperature. The two are then 
removed from the water, image in contact with the gelatin surface of 
the paper and squeegeed firmly together. When dry, the paper will 
leave the celluloid and carry the cyan image with it. The wax on the 
surface of the cyan image must now be removed with successive swab- 
bings of turpentine, and polished dry. The soluble support bearing 
the cyan image is then resoaked in cold water with the magenta bearing 
celluloid and the two removed together and lightly squeegeed into 
contact. The magenta and cyan images must then be carefully regis- 
tered, bending the sandwich 1f necessary, and then squeegeed firmly in 
contact before drying. A similar operation is carried out for the 
yellow image. 

Transfer to Final Paper.—A piece of single transfer paper, rather 
larger than the temporary support, is soaked for ten minutes in hot 
water and then placed in contact with the soluble support bearing the 
three images from which the wax has been removed. This operation 
is carried out in a tray of water at room temperature. The two are 
withdrawn, squeegeed firmly together and placed aside between blot- 
ters under pressure to dry for thirty minutes. The sandwich of soluble 
and final support papers is then placed in a tray of hot water at 50° C. 
for about three minutes when the soluble support may be stripped 
away. The final support bearing the three images is washed with hot 
water until all the soluble gelatin is removed. The final color print 
is then briefly rinsed in cold water and taped to a glass plate to dry. 

Dyebro Process.—The dyebro process is a hybrid making use 
of the carbro method of making a set of gelatin reliefs, and then using 
the relief imbibition method of dye transfer to form the final print 
on paper. In practice, a set of bromide prints is made from the color 
separation negatives using the same procedure as for the carbro 
process. The pigment papers for Dyebro come with a very slight 
pigmentation, just enough to make the image visible after transfer to 
the celluloids. These pigment papers are sensitized in the normal 
manner and contacted with the bromide prints. After bleaching is 
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complete, the pigments are squeegeed onto plain celluloids and then 
developed in hot water in the usual manner. The absence of any wax 
coating on the celluloids enables the gelatin relief image to adhere 
firmly to the celluloid. When fully developed, the three celluloids 
bearing their relief images are briefly hardened in a formalin solution 
before drying. When dry, the films are dyed in a manner similar to 
that employed for imbibition matrix material. The dye images may 
then be transferred to a prepared gelatin surface in the usual manner. 
Etching Processes.—A dye absorbing gelatin relief positive 
image may be made by chemically etching a silver negative. This 
process makes use of nascent oxygen from the etching solution to 
attack the colloid surrounding the finely divided silver grains. R. E. 
Liesegang observed in 1897 that the gelatin surrounding a silver image 
was softened and could be removed with hot water after the film was 
treated with a solution containing ammonium persulfate. This method 
was improved by M. Andresen * who used hydrogen peroxide with a 
halogen acid, and by Wall.® This process necessitates the use of a 
negative image to obtain a positive relief. Defender Pan Chroma 
Relief Film employs this procedure in obtaining positive relief images 
directly from positive color transparencies. Three films, dyed black in 
manufacture to restrict the penetration of the exposing light, are ex- 
posed from the emulsion side through tricolor analysis filters. After 
development to negative silver images, fixation and drying, they are 
treated with the cool etching bath. The reaction removes the negative 
silver image and adjoining gelatin leaving a positive gelatin relief. 
After fixation, washing and drying, the three films are ready for dying. 
Transfer of the dye images is carried out in the usual manner. 
Differential Hardening of Dichromated Colloids.—The dichro- 
mate-colloid reaction may be used in several other ways to form a use- 
ful image. In contrast to the previously considered relief processes, 
use may be made of the hardening action of light or silver on a 
dichromated colloid to form images in which the distinguishing char- 
acteristic is the hardening or tanning to which various parts of the 
colloid have been subjected. A slight relief image may be formed in 
some of these processes but its presence is incidental and none of the 
colloid is removed. It may then be said that these processes are dis- 
tinguished by the differential hardening of certain colloids, generally 
gelatin. All such processes become practical when it is noted that 


8 Phot. Korr. (1899) 260. 
9 Wall, Hist. of Three-Color Phot. p. 356. 
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certain water soluble dyes and greasy inks react differently to hard 
and soft gelatin. For purposes of classification, it is possible to dis- 
tinguish between those processes employing dyes and those using inks 
as the coloring medium. 

1. Dye processes employing the differential hardening of colloids are 
generally, although not always, of the imbibition type. Edwards in 
1875 and Cros in 1880 discovered that a gelatin layer could be made to 
absorb some water soluble dyes differentially by properly hardening 
parts of the gelatin. This idea was further developed by Didier and 
sold commercially as the Pinatype processes. The dyes used in the 
Pinatype process were capable of staining soft gelatin in preference 
to tanned or hardened gelatin. If a gelatin layer contained an image of 
hardened gelatin, the dye would be absorbed by the reverse image— 
that is, by the soft gelatin. Thus, if the printing plate image was made 
from a negative, a negative dye image was created. The original proc- 
ess made use of the standard color separation negatives from which 
three positive transparencies were made. These transparencies were 
then used to expose the three sensitized colloids. The colloids, usually 
gelatin, were treated with dichromate and dried before their exposure 
to a strongly actinic light. The exposure hardened the gelatin in 
proportion to the transparency of the positive, thus giving a negative 
image of hardened gelatin. If such a plate is immersed in a Pinatype 
dye, a positive dye image is obtained. The film might be used either 
as a transparency or the dye could be transferred to a final support of 
soft gelatin as in the relief imbibition processes. It must be borne in 
mind that the printing plates made by this procedure are smooth and 
contain all the original gelatin, various parts of which absorb certain 
dyestuffs. As discussed under relief processes, there are many ways 
of obtaining an image of hardened gelatin and these other methods 
could be used as satisfactorily as the one described. 

The practicability of such procedures is based on the selective action 
of certain dyes. Some dyes are known that exert their selective stain- 
ing on hard gelatin in preference to soft gelatin and a color process may 
be based on such dyes. The application of processes of the above types 
are of course dependent on the existence of dyes fulfilling the differen- 
tial staining requirements as well as the other prerequisites for subtrac- 
tive color printing media. 

2. A second type of process employing a differentially hardened 
colloid is based on a somewhat different property of the colloid. Ifa 
layer of gelatin containing hardened and soft portions is placed in a 


DYE DESTRUCTION PROCESSES @oe 781 


water bath, the water will be freely absorbed by the soft gelatin and 
not by the hardened gelatin. If such a film is then inked with a greasy 
ink, the hard gelatin surface will adsorb the ink while the water soaked 
soft gelatin will reject the greasy ink. Such an ink image may be 
transferred to any paper surface. The photo-gelatin processes such as 
Collotype and Bromoil make use of such a procedure and are capable 
of the highest quality reproductions of mediums employing inks as a 
coloring material. In this process again, the method of obtaining the 
differential hardening of the colloid is not limited. 

Dye Coupling or Color Development.—Dye Coupling processes 
are undoubtedly one of the most logical methods of obtaining color 
prints. Aside from the three separate films required, the procedure is 
exactly the same as that employed for normal black and white produc- 
tion. Color development involves the conversion of a latent image to 
metallic silver and the deposition at the same time of a coloring dye- 
stuff. As the production of the dye is directly connected with the 
reduction to metallic silver, the dye alone will give a positive image 
proportional to the intensities of the exposing light. By the proper 
choice of developers, a set may be found producing the necessary sub- 
tractive colors—magenta, cyan and yellow. If three such films are 
prepared from a set of color separation negatives and if, after removing 
the silver image, they are superimposed, a color print results. Color 
development processes for paper prints have not as yet achieved any 
widespread commercial success.'° There are several difficulties such as 
instability to light, poor spectral hues of the colors available and stained 
highlights. The future will undoubtedly see a growing field for color 
development processes. For the present, the greatest use of dye 
coupling development lies in the integral tripack processes discussed in 
Chapter XX XIII. 

Dye Destruction Processes.—The Dye Destruction Processes 
date back to the early years of this century and are based on the 
chemical destruction of dyes in an emulsion containing a silver image. 
The emulsion is dyed fully and after the silver image is developed, the 
film may be treated with solutions which destroy either the dye in 
contact with the silver image or the dye in contact with the remaining 
silver halide. In either case, the color remaining after the removal of 
the silver and halides is a pure dye image in gelatin. Of the two 
methods of dye destruction or bleaching, the first is the more useful 
being the basis for the successful commercial processes. Since the 


10 Wilson, Amer. Phot. 33 (1939) 161. Friedman, Amer. Phot. 34 (1940) 851. 
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only present commercial use of dye destruction processes is in con- 
nection with integral tripacks, this process will be discussed in Chapter 
XXXII. 

Dye Bleaching.—In a photo-chemical system the only effective 
radiation is that absorbed by the medium itself (Grotthus-Draper Law). 
Most dyes fade when exposed to visible or ultra-violet radiation and 
many are known that fade so rapidly as to be useless for commercial 
purposes. Since any coloring agent transmits its own color and ab- 
sorbs the remainder of the visible spectrum (its complementary color), 
a magenta dye, for example, is most effective in the absorption of green 
light, a red dye in the absorption of blue-green light, etc. Now if, for 
example, a layer of gelatin containing a suitable yellow dye is exposed 
to a colored positive, the dye will be bleached wherever blue light reaches 
the layer of gelatin. The blue radiation will be absorbed by the yellow 
dye and produce a photo-chemical change which results in the bleach- 
ing of the dye, while red and green will be transmitted freely and 
therefore not cause any appreciable alteration of the dye. Con- 
sequently, if three such layers, dyed with light-sensitive subtractive 
printing colors, are exposed to a positive image in color, a positive 
color picture will be obtained directly. \ 

Such an apparently simple solution to the problem of obtaining color 
pictures has naturally been extensively investigated. At least two such 
processes have been exploited commercially ; Utocolor paper produced 
by Smith in 1912 was an early commercial process 1+ and Vitachrome 
paper has been recently introduced. There are a number of serious 
obstacles to be overcome in successful bleach-out processes, among them 
being the difficulty of obtaining sufficient sensitivity to permit reasonably 
short exposures, and a permanent absence of light sensitivity after the 
print has been made. It has also been very hard to obtain clean whites 
by means of the bleach-out process. In contrast to the success achieved 
to date, a very great amount of effort has gone into the development 
of bleach-out processes. The obvious simplicity of the system attracts 
so strongly that developments are still being made and future improve- 
ments may reasonably be expected. 

Since most usable dyes are so slowly bleached by light as to be use- 
less for practical work, various sensitizers or accelerators have been 
added to the different dyes to increase their light sensitivity? The 
sensitizer may take the form of the dye carrying material (collodion 


11 Phot. J. 50 (1910) 141. 
12 Amer. Phot. 32 (1938) 821. 
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or gelatin) or be present as added ingredients (other dyes, thiourea 
derivatives or oxides and salts of various metals with acids).1% A 
study of the reactions of the various light-sensitive dyes has indicated 
both photo-chemical oxidation and photo-chemical reduction as taking 
place when the dyes are bleached, the exact reaction depending on the 
dye. A somewhat analogous method employs as the sensitive system 
dyes or leuco derivatives which will react as dyestuff generators when 
exposed to light.* In all these processes, the sensitizers are destroyed 
or removed by chemical treatment or by washing after the light reaction 
is completed. The final dye images are thus left relatively insensitive 
to light after the accelerating agents are removed. 


13 Brit. J. Phot. 87 (1939) 455. 
14 Brit. J. Phot. 88 (1940) 624. 


CHAPTER OX Xt 
SCREEN AND LENTICULAR PROCESSES 


Introduction.—The Screen and Lenticular Processes are similar 
since they both contain in a single layer of emulsion the three color 
separation images. The three color records, as silver images, are physi- 
cally separated laterally instead of vertically as in the integral tripack 
processes considered in the next chapter. In general, the colors ob- 
served are obtained by an additive synthesis. 

The Screen Plate process was originally suggested by du Hauron in 
1868 and has slowly developed since its first commercial use by Joly 
in 1894 to the present Dufaycolor screen film. The Lenticular process 
on the other hand is a relatively recent addition to the list of color proc- 
esses, as the earliest mention of such a method was in 1908. The 
Lenticular method enjoyed a meteoric rise to prominence and, during 
the 1920 to 1930 period, it was probably the most widely investigated 
color process. Since the introduction of integral tripacks, interest has 
waned but there are developments still being made on new adaptations 
of the basic principles. 


ScREEN PLATE PROCESSES 


The screen plate processes are compartively simple to work and until 
recently were virtually the only processes of natural color photography 
practical for the average amateur or professional photographer. The 
greatest disadvantage of the screen plate processes is that they are in- 
capable of producing prints on paper except by the rather lengthy and 
laborious process of making three-color separation negatives from the 
transparency and prints from these negatives by one of the subtractive 
printing processes. Another disadvantage is the limited range of 
brightnesses over which the screen plate processes are able to reproduce 
color satisfactorily, thereby placing a restriction on the subject matter 
suitable for reproduction. While more marked in some processes than 
others, this limitation is a necessary consequence of the medium-grain, 
thinly coated emulsion used to obtain sufficient resolving power to 
define sharply the fine color elements of the screen. The pattern 
formed by the screen is an objection in many cases, as when the image 


784 


THE REQUIREMENTS OF A SCREEN PLATE oo 785 


is to be enlarged or when critical definition is required. Lastly, the 
screens involve a great loss of light so that the image is dark unless a 
powerful source of light is used for illuminating the transparency or 
for projection. 

Screen plates may be divided into two main classes: (1) separable 
and (2) inseparable screen processes. The separable screen is gener- 
ally geometric in character and coated on a separate plate from the 
emulsion. The chief advantage of the separable screen lies in the possi- 
bility of producing duplicates simply and at low cost. The inseparable 
processes have their screen and emulsion coated onto a single support. 
The screen may be either of the geometric regular type or an irregular 
mosaic. Each of the above types has achieved commercial success. 

The Requirements of a Screen Plate—The following factors 
determine the performance of a screen plate: * 


1. The size of the color elements. These must be below the resolu- 
tion of the eye (visual angle of one minute, corresponding to 0.02 mm. 
at the average distance) but above the resolution of the emulsion. If 
too large, the elements are perceived individually ; if too small, the color 
rendering cannot be true, since the emulsion is unable to record accu- 
rately the result produced by the screen. 

For geometric screens, the color elements should not be larger than 
1/300 of an inch or much smaller than 1/600 of an inch; for mosaic 
screens, the size should not exceed 1/900 of an inch or be less than 
1/2000. 

The color elements may be larger in a geometrical screen than in a 
mosaic because in the latter it is virtually impossible to avoid a certain 
amount of clumping on the part of color elements of the same color, 
thus giving rise to areas producing a dominant color. 

2. The transmissions of the color elements. The requirements of 
the three-color taking filters have been discussed previously (p. 745). 
The transmissions of three-color viewing filters, unlike the taking filters, 
should not overlap and should be relatively narrow so as to produce 
brilliant, sharply defined colors (F. E. Ives). In a separate screen 
process, the transmission of the filters of the taking and viewing screens 
need not be the same, although, of course, the color elements must be 
of the same size in both screens and must conform to the same pattern. 
In a combined screen plate process, such Dufaycolor, Autochrom, etc., 
the same screen must serve both for taking and for viewing; the trans- 
mission of the color elements must represent the best compromise pos- 


1 Mees, J. Chem. Ed. 5 (1928) 1578. 
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sible under the circumstances.?. The average transmission of the screen 
elements for most of the present screen processes is as follows: 


Transmission Range Maximum Transmission 
Redsitlementi wean ater 570-690 mu 615 mp 
Greenielementss eee 480-620 mu 535 mu 
Blueselementa eee 400-530 my 470 mp 


3. The relative area covered by each color. This must be adjusted 
so that the screen appears neutral. 

If the screen, as a whole, possesses a dominant tint, obviously it can- 
not reproduce colors correctly and a distortion of the colors of the 
original will result in the direction of the dominant color of the screen. 

4. The interstices. These, if they exist, must be filled to prevent 
irradiation, which would greatly reduce the ability of the emulsion to 
image the color elements sharply and lead to color dilution. 

5. Thickness of the screen. The screen must be as thin as possible 
to prevent parallax. The thickness should not in any case exceed the 
smallest dimension of the color elements. 

6. The emulsion. This must be panchromatic, highly and as evenly 
sensitive as possible. If the emulsion is not equally sensitive to the 
light transmitted by the three filters of the screen, a color filter must 
be used over the lens in order that equality of action may be secured 
through all three filters. Its resolution must be equal to the color ele- 
ments of the screen, and it must be able to-produce a relatively high 
density in order that, where necessary, the color elements which should 
not function in the formation of an additive color can be stopped out. 
In the case of a screen plate in which the screen and the emulsion are 
inseparable, the emulsion must be adaptable to the requirements of the 
reversal process.* 

Construction of Color Screens.—The irregular mosaic screens 
are made from a mixture of small colored particles. The particles may 
be of colored glass, powdered enamels, gelatin, resins, starch, flours, 
corpuscles or various gums. A mixture of appropriate amounts of the 
three colored particles may be obtained mechanically by sifting or by the 
use of ultra-sonic vibrations. Certain types of-particles are emulsified in 
various media or atomized and allowed to settle onto a properly pre- 
pared plate. Whatever method is employed, the particles colored red, 
green and blue-violet are mixed so that the finished screen is nearly 
neutral, If the screen particles do not completely cover the plate, an 


2 Mees, Brit. J. Phot. 55 (1908) 41; 58 (1911) 45, 52, 62, 68, (col. suppl.). 
3 Thorne-Baker, Phot. J. 72 (1932) 109. 
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opaque material such as carbon or dye must be employed to fill the 
interstices. 

The geometrical screens, whether of the separable or inseparable type, 
are generally produced either photographically or mechanically. The 
basis of both types was laid by du Hauron in 1897 and Joly in 1894. 
The photographic procedure employs most of the methods used in the 
production of color prints, such as the dichromate-light or silver har- 
dening reactions, the differential staining by certain types of dye, as 
well as chemical toning and dye coupling. In the mechanical methods, 
the film base or an over-coat is dyed and then ruled with a greasy pro- 
tective resist. The unprotected film is bleached, re-dyed another color, 
and the resist lines removed. ‘This procedure is. repeated for the third 
color. 

Over the completed screen, whatever its nature, a protective layer 
is placed before the panchromatic emulsion is coated. This layer must 
be thin to avoid parallax, waterproof to prevent the processing solu- 
tions from affecting the screen, and adhesive enough to hold the eimul- 
sion firmly and also adhere to the screen layer below.* 

The Lumiére Filmcolor.—The first commercially successful 
screen plate was the Lumiére Autochrom introduced commercially in 
1907. This plate was of the inseparable screen type. 


Fic. 371. Photomicrograph of the Autochrome Screen. 


4 Brit. J. Phot. 85 (1938) 805. 


Watit—History of Three-Color Photography. 
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The screen (Fig. 371) is composed of grains of potato starch about 
15/1000 millimeter (.0024 inch) in diameter, colored orange, green 
and blue-violet. The grains of potato starch are first passed through 
a sieve to obtain a uniform grain size and then divided into three groups, 
each of which is dyed. The grains are then mixed thoroughly (in the 
ratio of 4 green to 3 red and 2 blue) to secure even distribution of the 
different colored grains and then dusted on film base which has been 
coated previously with a suitable substratum. The interstices are filled 
in with a fine opaque powder and the layer smoothed out by rolling under 
heavy pressure. The screen is next covered with a thin layer of water- 
proof varnish over which is coated a panchromatic emulsion. The 
screen is not white but a light salmon pink and transmits approxi- 
mately 7.5% of the incident light.® 

In 1932, the Autochrom screen was supplied on film under the trade 
name, Filmcolor. The original Autochrom plates on glass have since 
been discontinued. 


Fic. 372. The Agfacolor Screen. 


Agfa Ultracolor Plate-——This mosaic screen, recently discon- 
tinued, was made from dyed particles of gum arabic rolled out in col- 
lodion (Fig. 372). The size of the color elements was about the same 
in the Agfacolor screen as in the Autochrom but was more uniform, 


5 Ventujol, Amer. Phot. 18 (1924) 384. 
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varying from 0.008 to 0.017 millimeter. The screen, however, trans- 
mitted nearly twice as much light as the Autochrom because of the 
slightly higher transparency of the colored grains and the lack of black 
material between the grains. The color elements completely covered the 
plate in the Agfacolor screen, no filler being required. The relative 
transmissions of the Agfacolor and Autochrom screens are 14 and 7.5% 
respectively. This material was also available coated on film base. 

Dufaycolor.—This process, unlike the two previously discussed, 
employs a geometrical type screen or reseau (Fig. 373). 


Fic. 373. The Dufaycolor Screen. 


The acetate film base is first coated with a very thin layer of collodion, 
dyed blue; this step is followed by printing a set of greasy ink lines 
with engraved rollers at an angle to the length of the roll, there being 
twenty lines to the millimeter and the interspaces being equal in width 
to the lines. In the next operation, the dye between the ink lines is 
bleached and a green dye colors these clear spaces. The ink is dis- 
solved and a series of blue and green parallel lines remains, covering 
the entire film base. ; 

A second set of ink lines is now printed at right angles to the first. 
The lines this time are broader than in the first instance and the spacing 
narrower, but there are the same number per millimeter as before. The 
second bleaching bath removes the green and blue dye where there is 


6 Pledge, Brit. J. Phot. 70 (1923) 48 (col. suppl.). 
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no protecting ink and the spaces are dyed red. The ink resist is re- 
moved, resulting in a microscopic regular pattern of green and blue 
squares, with red lines in absolute juxtaposition. The reason for hav- 
ing the red lines narrower is to approximately equalize the areas of red, 
green and blue. A protective varnish is coated over the screen to 
prevent desensitization of the highly panchromatized emulsion used. 
Dufaycolor film is supplied in both cut sheet and roll form. These 
normal emulsion types are slightly different as to speed and color 
balance so that one material will be closely adapted for the lighting 
conditions employed, without the use of heavily correcting color filters. 
Special emulsions, medium and hard, are also available when higher 
contrasts are desirable.? Because of the lack of contrast control in 
normal reversal processing, these special contrasts are advisable for 
the best reproduction of copy material, such as paintings or maps. 

Exposure of Screen Materials——Color screen materials are ex- 
posed in the camera with the emulsion side away from the lens so that 
the incident exposing light will pass through the color screen before 
affecting the sensitive emulsion. If the screen support is glass, a 
focusing adjustment must be made to compensate for the lengthened 
light path. Screen materials range in speed from that of a medium 
speed black and white material (Weston 8) down to one of one-twelfth 
of that value. The color sensitivity of the panchromatic emulsion 
and the screen-transmissions determine the color temperature of the 
light source for which the material is balanced. Compensating filters 
are generally supplied for altering the quality of the light reaching 
the emulsion. If, for example, the chosen emulsion is for use in day- 
light, compensating filters may be used for all types of artificial light. 
Some processes supply two different screen emulsions, one balanced 
for daylight, the other for a chosen incandescent lamp. The maximum 
speeds are obtained by this method since very weak or no compensating 
filters are required under normal conditions. 

The inseparable screen processes are generally used as positive 
transparencies and are, therefore, processed by reversal. The limita- 
tions of all normal color processes as to the short brightness range that 
can be satisfactorily reproduced are emphasized by the reversal process. - 
For satisfactory viewing and speed in exposure, the coating weight of 
the emulsion must be kept low. This factor leads to a very limited 
iatitude. For this reason alone, it is advisable to compress the bright- 


7 Beale, Phot. J. 81 (1941) 108. 
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ness range of most subjects if an accurate color reproduction is desired, 
on the color transparency, of various parts of the subject.’ 

Processing of Inseparable Screen Materials.—Inseparable screen 
materials processed by reversal avoid registration difficulties since the 
originally exposed film becomes the final color positive. Special proc- 
essing methods and emulsions have been developed for the reversal 
procedure, and the generally accepted method for color screen ma- 
terials has been the employment of developers containing silver halide 
solvents. In normal reversal processing, such substances as the 
thiocyanates and ammonia, included in the first developer, lead to clear 
highlights and an effective increase in speed. Similar solvents are 
also used in the negative-positive processing of screen materials but 
for a somewhat different purpose. 

The color screen material is first developed in a developer of high 
activity containing the halide solvent. The following Dufaycolor first 
developer is a typical example: 


Metric Avoirdupois 
Mietoliyge eee NS eee 1 gm. 16) for: 
Sodium"Sulfiteteeer semesters oe 50 gm. 134 oz. 
ISHKGIECIOUMINONS. conn ucecces saucguanoos 8 gm. WS eat 
Sworabivbai (Cav OOS go akceodconoadoece 35 gm. 114 oz. 
RGA ISRO. on cnncowossueueds 5 gm. SOM ror 
Potassium Thiocyanate (Sulfocyanate). . 9 gm. 144 gr. 
Water toumakesna.aerna ue. ancerrtone 1000 ce. SD OZs 


Screen material may be developed either by time and temperature or 
by inspection. If the exposure is correct, the former method is suitable, 
but for unusual subjects or unknown conditions, inspection is preferable. 
A visual check along with a time-temperature schedule is undoubtedly 
the safest procedure. The material may be desensitized in Phenosaf- 
ranine if desired, and processing carried out in a fairly bright light. 

After development, the film is washed in running water for one 
minute or a dilute acid stop bath may be used. The silver image is 
next bleached in an acid solution of bichromate or permanganate until 
all the black silver has been removed. ‘The last stages of this opera- 
tion and all the following steps may be carried out in bright light. 
When bleaching is complete, the film is washed briefly before clearing 
in an aqueous solution of sodium bisulfite. The film must then be 
washed and exposed fully before development. The second developer 


8 Yule, Brit. J. Phot. 87 (1940) 578. 
9 Turner, Brit. J. Phot. 84 (1937) 435. 
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may be the same one that was used during the first development or a 
separate bath may be used. A suitable formula is: 


Sodiumisultitey ee rae eee 75 gm. 2 oz. 220 gr. 
HN G0tKC(s) eRe eA MeEM EE Gareth io. Seas erga 15 gm. 220 gr. 
Wa teritOmgpecrs cya cede er eens 1 liter S202; 


Development is carried to completion. The conversion of the positive 
halide image may also be carried out without re-exposure by chemical 
reducers such as sodium hydrosulfite or fogging agents. In any case, 
it is desirable to immerse the color transparency in a hardening fixing 
bath after the positive image is obtained. A thorough washing com- 
pletes the processing. Contrast films, such as Dufaycolor Hard, are 
developed in a somewhat more contrasty developer than the normal 
emulsions, but the rest of the procedure is identical. 

The color transparencies may be treated with the usual reducers and 
intensifiers if correction is desired. The reduction is carried out with 
Farmer’s Reducer, while the silver or mercury intensifiers seem most 
suitable. Corrective work should be done with caution and in modera- 
tion, 

Separable Screen Processes.—The only separable screen process 
receiving widespread use in the past has been the Finlay Process. This 
process, unlike those already discussed, is a separate screen process; 


Fic. 374. The Finlay Screen. 
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that is to say, the screen and the emulsion are on separate glass plates 
which are placed in contact in a suitable holder for the exposure. 

The screen (Fig. 374) is composed of red, green and blue color ele- 
ments approximately 4o9 of an inch square. It is made by printing 
in dyed bichromated albumen from a black and white cross-lined 
screen.'° The glass plate is first coated with collodion containing a 
tricolor green dye. It is then coated with bichromated albumen and 
exposed beneath the cross-ruled screen. The areas not protected by 
the insoluble albumen are bleached out and dyed with a tricolor red 
dye. The plate is coated with albumen a second time and exposed 
between a cross-lined screen so as to render the bichromated albumen 
insoluble over the red color areas, the unprotected areas bleached and 
dyed with a tricolor blue dye. A final protective layer of collodion is 
coated over the finished screen. 

As the screen and the sensitive material are separate, a special plate 
holder with a pressure back must ‘be used to insure perfect contact 
between the screen and the sensitive emulsion. The taking screens 
may be used over and over if care is taken to avoid marking the sur- 
face. A standard panchromatic emulsion is employed and compensat- 
ing filters placed over the camera lens allow operation under several 
qualities of illumination. 

The panchromatic emulsion is developed in a soft negative developer 
and printed by contact onto a slow contrast emulsion. This positive 
transparency should be bright and clear and of a medium density. 
When dry, the positive is bound in register with a viewing screen. 
The color elements of this viewing screen are of the same size and 
orientation as in the taking screen, but of slightly different transmis- 
sions to obtain the most desirable color reproduction. The possibility 
of using different taking and viewing filters allows slightly higher color 
accuracy to be obtained with the separable screen processes. Unlimited 
duplication of the black and white positive allows any number of 
color transparencies to be made simply and at low cost. 

Copying Screen Materials—The duplication of a separable 
screen color transparency simply involves the production of another 
black and white positive to be registered with a viewing screen. The 
inseparable screen transparency, on the other hand, is difficult to 
duplicate satisfactorily. The distribution of energy from the color 
transparency is not the same as that from the original scene, although 
the visual sensation may be similar. The simple procedure of contact 


10 Stobart, Phot. J. 76 (1936) 280. 
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printing gives very degraded colors, due to the addition of black in the 
picture as shown in Fig. 375. Since the elements of the two screens 
will not exactly line up under normal conditions, the light from any 
given color element of the original may not fall on the same color 
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Fre. 375. Increase in Proportion of Black When Copying by Parallel Light. 
(Spencer, Photographic Journal. 1933.) 


elements of the screen in the new film.‘t The close combination of 
two geometrical screens will also cause difficulty with moiré pattern. 

Another serious error is introduced by the scatter of the exposing 
light in the second emulsion, The emulsion below the screen elements 
surrounding the color element through which the light is passing should 
not be exposed, but by irradiation it is exposed slightly leading to a 
loss in density at those points after reversal. As the surrounding 
elements are of the other two primary colors, the final transmitted light 
will be desaturated by the addition of white * (Fig. 376). 
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Fic. 376. Loss of Saturation Through Irradiation in the Emulsion. 
(Courtesy of Spencer, Photographic Journal.) 


11 Mees, Brit. J. Phot. 54 (1907) 49 (col. suppl.). 
12 Spencer, Phot. J. 73 (1933) 19. 
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The first two difficulties may be overcome by the complete diffusion 
of the light from the color screen of the original transparency before 
it strikes the screen of the film to be exposed. The necessary light 
spread may be obtained by separating the two films by the proper space 
if contact printed,!* or if printed by projection, by making use of the 
diffraction effect or throwing the screen slightly out of focus. Such 
procedures emphasize the third difficulty, that of irradiation in the 
color film emulsion. A fourth difficulty giving rise to a similar dilution 
of the colors is caused by the overlapping transmissions of the three 
color elements making up the color screen. Thus, if light from the 
original transparency comes from the red screen elements, it will not 
only expose the emulsion behind the red elements of the copy film 
screen, but will also partially affect the emulsion behind the green 
elements of the screen. A similar effect occurs with each color. This 
type of color dilution may be overcome by making use of three mono- 
chromatic or narrow color bands instead of white light for exposure 
when copying. Each of the wave length regions chosen must be 
wholly within the transmission band of only one of the screen elements. 

Negative-Positive Processing of Inseparable Screen Material. 
The logical method to employ for making a series of colored copies is 
to develop the original screen film to a negative and to make a number 
of identical positives by contact or optical printing. The same difficul- 
ties with moiré and color dilution due to the overlapping screen trans- 
missions are encountered. Poor copies are obtained, however, even 
when corrective measures are applied. Harrison and Spencer found 
that a “color contrast effect” present in reversal processing was absent 
in normal negatives upon processing and made the color dilution due to 
irradiation in the emulsion a serious factor.*° The color contrast effect, 
obtained with developers containing silver halide solvents, is neutralized 
in reversal processing by the light spreading due to irradiation. _With 
development to a negative, the light spreading was not neutralized and 
serious color dilution resulted. The irradiation can be kept to a 
minimum by using depth developers which remove the surface halide 


18 yon Huebl, Brit. J. Phot. 57 (1910) 59. Harrison and Horner, Phot. J. 79 
(1939) 320. 

14 Tritton, Brit. J. Phot. 84 (1937) 513. 

15 Harrison and Spencer, Phot. J. 77 (1937) 250. 


FarMer—Brit. J. Phot. 56 (1909) 3, 71, (col. suppl.). 
Harrison AND HorNER—Phot. J. 79 (1939) 320. 
BakEr—J. Soc. Mot. Pict. Eng. 31 (1938) 240. 
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and keep the developed image lying close to the color screen.’® The 
depth developers generally contain sodium thiosulfate although other 
compounds have been suggested. A typical formula is: 


IM CtOl rcutirek tn accege nice Teka ey a eee 2.5 gm. 36.5 gr. 
Sodiumeoulhteseemee ee eee 12°51 TSS oT. 
IShuclaore Nee, stone saapnodon oe cee 0 DRS Hine 36.5 gr. 
Morpholine (NH(C2H,)O)............ 10.0 gm. 146 gr. 
Rotassittmma lS conntd Corrs: ins nee Bes) Raa, 36.5 gr. 
Sodivimesihiosull tater sess eee 3.75 gm. Ss) kee, 
WiaterétO was aire rane oe Caen are ee 1 liter SL OZ. 


Development to gamma of 0.85 in 4144 minutes at 68° F. 


Color Separations from Screen Materials——The color screen 
processes give three color records at a single exposure and, for color 
printing purposes, these records must be separated out onto three dis- 
tinct emulsions. The separable screen process is the simplest and most 
effective in use since a black and white block-out screen is all that is 
needed to allow separation negatives to be made directly from the 
color transparency. The block-out screen allows but one set of color 
elements to be observed at a time for copying. 

The inseparable screen processes are somewhat more difficult in that 
the same problems of screen removal, color dilution and overlapping 
transmissions that were considered in the last section must be taken 
into account. It is possible to make separation records from either a 
screen negative or a positive. The screen negative is preferable in 
that approximately double the latitude is present in such a film as com- 
pared to one processed by reversal. The majority of separation work 
with screen materials is done from reversal positives, however, since 
negatives are required for most of the color printing processes. 

A long scale emulsion should be employed for separation since the 
average density range of screen transparencies is about 2.00. The 
transmissions of the color screen elements overlap considerably because 
of the necessity of short exposures for the screen film in the camera, 
and for a satisfactory luminosity when viewing the finished color trans- 
parency. Each of the color separations must record the densities lying 
behind only one of the screen colors and for that reason the separating 
filters must be very sharp cutting. In Fig. 377 it will be seen that each 
of the Dufay 1S, 2S and 3S transmissions falls within the region of 
one of the screen filter elements. Monochromatic lights may also be 
employed. The filter transmissions should be kept as narrow as pos- 


16 Murray and Spencer, Phot. J. 77 (1937) 330, 458. 


MATERIALS oe 797 


COLOR SEPARATIONS FROM SCREEN 


sible in view of exposure requirements. Separation negatives should 


be kept to a fairly low gamma to hold the tones of the transparency 
on the straight line of the emulsion’s characteristic curve. 
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Fic. 377. Reseau and Analysis Separation Filter Transmission. 
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The second basically additive method is the Lenticular process. This 
procedure was originally developed by Berthon (1909) and Keller- 
Dorian (1914) and reached its greatest application in this country when 
the Eastman Kodak Company in 1925 acquired the rights for its use 
and in 1928 presented 16 mm. motion picture Kodacolor. The appear- 
ance of integral tripacks has sharply curtailed developments in the 
Lenticular field but a few firms, mainly in Europe, are still experiment- 
ing on Lenticular improvements. 

The Lenticular process is essentially a screen method in which the 
screen is formed optically on the emulsion during exposure. The film is 
colorless. Berthon proposed to place a banded three-color filter over 
the camera objective and, by means of small lenses or lenticules on the 
surface of the film base, to obtain small images of the objective and its 


KODACOLOR KOPACOLOR FILM 
FILTER (GREATLY ENLARGED) 


(A) 
EMBOSSED FILM EMULSION 
LENS BASE ¢ 
RED 
GREEN 
BLUE 


No.2 No.4 
(B) 

Fic. 378, General Optical System of Kodacolor Lenticular Process, (4). En- 
larged Sections of Film (B) Show Image Formation in Four Stages: (1) Ex- 
posure, (2) Development, (3) Bleaching and Reexposure, and (4) Reversal 
Development and Final Projection. 
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filter on the emulsion of the film. Kodacolor film contained about 600 
lenticules per inch (see Fig. 378). From a white card, for example, 
a series of three small colored images is projected onto the emulsion 
behind each lenticule, while a red card will be shown by only a single 
image since the red light will only be transmitted by the red section of 
the three-color filter. The original film is processed by reversal and 
projected back through a similar appropriate optical system of lens and 
filter. As normally projected the colors are obtained additively with 
the aid of the limited resolving power of the observer’s eye. 

The Lenticular process is theoretically a most elegant solution to the 
problem of color reproduction, but in practice so many, so far insur- 
mountable, obstacles arise that the use of this method seems to be de- 
clining rather rapidly. Difficulties of diffusion, film shrinkage and 
eventual distortion, maintenance of color balance and limited depth of 
field are serious problems to be overcome. Other difficulties arise in 
copying, such as color wedging, moiré, and low color saturation, while 
in the motion picture field especially the necessity for special viewing 
(projection) apparatus has proven to be a serious obstacle to commer- 
cial acceptance. Because of these difficulties, the tendency in recent 
years has been to employ the Lenticular idea for the negative part of 
the color process only, or to use the Lenticular principle for a portion of 
a single color process which may later be printed subtractively. 

The latest Lenticular method commercially available, called Panta- 
chrome, has been devised by Agfa and involves the use of parts of a 
number of color processes.17 The Lenticular phase of the process in- 
volves the making of two of the three color separation records, while 
the printing is all done subtractively. A Lenticular bipack is exposed 
in the camera, the front film being sensitive to blue and green, the rear 
emulsion to red. On the base of the front film, the usual Lenticular 
ribbing allows the formation of an image of the objective. The lens 
filter is composed of three bands. In daylight, the central band is 
magenta and the outside two bands are yellow (colors reversed for in- 
candescent illumination). The front film records by the normal Len- 
ticular method, the blue and green records as a line screen pattern, while 


17 Phot.Tech. 1 (1939) No. 7, 49. 


WeiL—J. Soc. Mot. Pict. Eng. 20 (1933) No. 4. 

CapsTaAFF, WILDER AND MiLLER—J. Soc. Mot. Pict. Eng. 28 (1937) 123. 
GUETENER—J. Soc. Mot. Pict. Eng. 28 (1937) 447 No. 5. 
FrrepMan—Amer. Phot. 34 (1940), 689, 754, 835. 
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the rear film records the red record in a continuous tone, since both 
filters transmit red light. The front film is developed by reversal and 
the rear film as a negative. The three-color separations are printed onto 
a single film, the cyan image being obtained from the back negative 
record by a standard iron toning method. The positive Lenticular 
records from the front emulsion are printed optically onto a double 
layer emulsion on the reverse side of the single film and the magenta 
and yellow positives obtained by the standard dye destruction procedure 
used in Gasparcolour. 


CHAPTER XXXIII 
INTEGRAL TRIPACKS 


Introduction.—Three subtractive color processes of increasing 
importance are Dye Bleaching, Chemical Dye Destruction and Dye 
Coupling Development. These methods of color formation are, at the 
present time, intimately involved in the development of Tripacks. All 
three processes are commercially available in this form. Whenever 
more than one emulsion is coated on a single support, the term “inte- 
gral” is generally applied. An integral tripack consists of a single sup- 
port with three light-sensitive systems on one side. It may also be 
called a monopack. The three emulsions are not separable and must 
be handled together during processing. There are many other methods 
of employing the three light-sensitive systems such as, for example, a 
single support bearing two emulsions on one side and a third on the 
opposite side, or two emulsions coated on one support and the third on 
a second support. For purposes of classification and discussion, vari- 
ous possibilities are listed in Fig. 379. The number of possible com- 
binations which may be employed to obtain the three-color records is 
quite large but this chapter will be concerned chiefly with color forma- 
tion by the three-color processes mentioned above when used with Inte- 
gral or Two-sided Tripacks. The general term “integral tripack” will 
include all types unless otherwise mentioned. 

Integral tripacks may be considered from two viewpoints: (1) the 
physical problems inherent in the coating of more than one emulsion 
on a single support, and (2) the chemical and photographic problems 
involved in the formation of usable colored images in the appropriate 
emulsion layers. The growth of integral tripacks has been closely 
allied with that of the three above-mentioned subtractive color processes, 
but it must be kept clearly in mind that the two are not synonymous. 
The development of integral tripacks has led to the commercialization 
of these processes but the tripack itself may be employed with other 
methods of color formation. It is likewise true that the dye bleaching, 


1 Sereen and lenticular processes may also be considered as tripacks where the 
three color records are separated laterally instead of vertically as in the integral 
tripack. 
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1. Integral Tripack or Monopack. 
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Three light sensitive emulsions coated 
on one side of a supporting base. 


. Two Sided Integral Tripack. 


Two light sensitive emulsions coated 
on one side of a supporting base, the 
third on the reverse side. 


. Separable Tripack. 


Three light sensitive emulsions on 
three separate supports—exposed in 
contact. 


. Integral Bipack. 


Two light sensitive emulsions coated 
on one side of a supporting base. 


. Separable Bipack. 


Two light sensitive emulsions coated 
onto two separate supports. Emulsions 
exposed in contact. 


. Two Sided Bipack. 


Two light sensitive emulsions on op- 
posite sides of a single support. 


. Double Support Tripack. 


An integral or two sided bipack in 
contact with a single emulsion on a 
second support. 


Tripacks and Bipacks. 
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dye destruction and dye coupling reactions may be carried out in media 
other than the integral tripack. 

Historical Development.—The idea of using a tripack to record 
a set of color separation images may be traced back, as is often the case 
with color processes, to du Hauron,? who in 1896 laid down the princi- 
ples of the separable tripack and bipack. Selle,* in 1899, suggested the 
sensitization of a normal emulsion with a double dye bath of alcohol 
and water. One of the sensitizing dyes, soluble in water, penetrated to 
the lower depths of the emulsion and sensitized to green while the other 
dye, soluble in alcohol, red-sensitized the upper surface only, since it 
was unable to reach the interior of the emulsion. In this manner, a 
single zone-sensitized emulsion was obtained with the upper stratum 
capable of recording the red latent image, the lower level recording the 
green. Smith suggested, and produced in 1903, a coating of two or 
more emulsions, separated by intermediate collodion layers, onto a single 
support. The emulsions were subsequently stripped apart for proc- 
essing. K. Schinzel* in 1905, and Sforza in 1909, proposed integral 
tripacks in which the sensitized emulsions were colored with dyes which 
were to compose the final image. This type of integral tripack was 
eventually developed into the present integral tripack dye destruction 
process, while Fischer employed dye coupling development in his mono- 
pack suggestions of 1914. This growth of multi-layered materials was 
paralleled by many other disclosures of bipack and tripack construction 
and usage, some of which are discussed in connection with the three 
subtractive processes to be considered. 

Construction of Multi-layered Materials—Many of the features 
of a multi-layered material are directly concerned with the method of 
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2du Hauron, La Triplice Photographique (1897) 223. 
3 Selle, B.P. 12,516. 
4 Schinzel, Phot. Woch. (1905). 
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color formation to be employed, but the essential factors common to 
most such materials will be considered in this section. A typical inte- 
gral tripack, shown in Fig. 380, consists of: (1) a film, paper or glass 
support; (2) an anti-halation coating ; (3) three separate light-sensitive 
emulsions, usually separated from each other by (4) thin layers of 
gelatin. The rigid requirements for integral tripacks demand the ut- 
most skill in emulsion manufacture and coating. Following are some 
of the characteristics of the elements in a typical monopack : 

1. Physical characteristics of the emulsions. The thici:ness of the 
complete monopack is approximately 0.04 mm., so the individual coat- 
ings are extremely thin. The thickness varies rather widely, depending 
upon the subsequent usage to which the material is to be put—negative 
or reversal processing—and the type of color formation to be employed. 
The lowest emulsion next to the support varies from 0.015 to 0.02 mm., 
while the upper emulsion or emulsions are approximately 0.005 to 0.01 
mm. in thickness. To allow adequate light transmission to, and to ob- 
tain sharp images in, the lower emulsion, the uppermost emulsions are 
sometimes poor in silver salts, having been diluted with clear gelatin 
to preserve their transparency. On the other hand, the halides must be 
present in sufficient quantity to allow the development of an adequate 
silver image, later to be converted to a color image. The emulsions 
may carry not only light-sensitive silver halides, but also sensitizing and 
light-filtering dyes and substances for the formation of the colored 
images besides. The production of stable, non-migrating sensitizing 
and filter dyes is one of the most important reasons for the commercial 
excellence of integral tripacks. 

2. Photographic characteristics of the emulsions. The two or three 
light-sensitive coatings must be so arranged and sensitized that each 
records one of the desired spectral regions. The order of coating the 
various emulsions is not of fundamental importance although the red- 
sensitive layer is generally placed at the bottom of the pack. The color 
recorded by any particular emulsion is determined by its inherent sensi- 
tivity after sensitization, and the light-filtering action of other emulsion 
or dye filter layers above it. The speed and contrast of each of the 
emulsions should be so balanced that with some given form of illuminant 
and processing, the photographic tone reproduction will be correct in 
each layer. The sensitizing dyes in the various emulsions must not dif- 
fuse into adjoining layers and affect their sensitivity, and the particular 
halides (chloride, bromide, iodide) employed will be somewhat de- 
pendent on the method of color formation subsequently to be employed. 
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3. Characteristics of the separating layers. The intermediate layers 
between the light-sensitive emulsions serve one or more purposes, the 
most important of which are: (1) to act as color filters for the sensitive 
emulsions, and (2) to aid in the differential processing of the various 
emulsions after exposure. The layers may consist of gelatin or of 
some other substances depending on the purpose of the layer; for ex- 
ample, waterproof layers may be employed. If of gelatin, the layer is 
about .001 mm. thick and may or may not contain filter dyes or silver 
salts. The use of the various types of separating layer are discussed 
further in connection with the formation of colored images in the 
tripack. 

Color Formation in Tripacks.—The real problems in connection 
with the use of integral tripack materials come with the conversion of 
the three latent or silver images into usable colored images. In some 
cases it may only be necessary to obtain a color negative for reseparation 
or printing, but at present the tripack methods are generally processed 
by reversal. The conversion of the silver images into color may be 
carried out by almost any of the subtractive printing methods, such as 
chemical or dye toning, or the dye bleach, destruction or coupling proc- 
esses. The most important methods of color formation are the silver 
dye destruction and dye coupling development processes. 

Silver Dye Destruction Processes.—These processes are based 
upon the chemical destruction of a dye present in the emulsion layer. 
The destruction of the dye may be made to take place either in the 
presence of a developed silver image or in areas without a silver image. 
In either case, the silver image is the agency that controls the position 
of the dye image remaining in the film after chemical treatment. 

Schinzel,® in 1905, proposed to coat an integral tripack with three 
silver halide emulsions which were dyed colors complementary to their 
light sensitivity. After development and fixation, the pack was treated 
with a dilute solution of hydrogen peroxide which destroyed dye in the 
presence of the silver image. The removal of the silver image and 
“attacked” dyestuff left an inverse dye image in each layer. Christen- 
sen discovered that finely-divided silver (in the form of the silver 
image) acted as a catalyst in the destruction of certain types of dye. 
Dyes which were attacked either slightly or not at all in the absence of 
silver were readily attacked in the presence of silver. Christensen ° 


5 Schinzel, Brit. J. Phot. 52 (1905) 608. 
6 Christensen, Eder’s Jahrbuch 29 (1915) 164; Brit. J. Phot. 68 (1921) 96. 


Heymer—Sci. Pub. Agfa Central Lab. 4 (1935) 177. 


806 oe INTEGRAL TRIPACKS 


also proposed to use the reducing agents themselves for attacking the 
dyes and suggested sodium hydrosulfite. In this way, the dye was de- 
stroyed as the silver image was developed. The same result was ob- 
tained by Luther and Holleben* who chemically converted the silver 
image into substances which directly or by treatment with another re- 
agent destroyed the dye. They suggested vanadium ferricyanide and 
chromic acid among other reagents. 

The Gaspar patents since 1930 are concerned with the coating and 
processing of tripacks in which the color formation is based on chemi- 
cal dye destruction. The destruction of dye contained in an emulsion 
layer in areas not containing a silver image may be carried out by baths 
similar to the following: 


Calcium bypochloritesnaee eee 10 gm. 
GlacialPNceticn\cid ee aa eee 10 ce. 
Wraterstounakensprtaeetticion. wee ete 1 liter 


Immersion in this solution destroys the dyes wherever they are not 
protected by the silver image. The inverse process may be carried 
out by using baths which do nof normally affect the dyes in the emul- 
sion, but in the presence of silver are able to attack and bleach the dye. 
A typical dye destruction bleach bath is composed of 


Potassium Thiocyanate............ 30 gm. 
CitPiG ACE onde aes gro SE eee? 30 gm. 
Watemtommakes nner ere eee 1 liter 


The reagents which may be used in the inverse process fall into several 
classes,® such as 


1. Nitrogenous organic compounds 

2. Compounds of thio urea 

3. Special sulfur compounds 

4. Certain acids indifferent to the dyes employed. 


More recent applications ® of the same principle have been concerned 
chiefly with: (1) the improvement of the above method, (2) the 
development of procedures for the formation of the dyes in the emul- 
sion layers AFTER exposure rather than inclusion of the color in the 
emulsion when coated, and (3) the conversion of the silver image into 


7 D.R.P. 396,485. 

8 Brit. J. Phot. 27 (1933) 41 (col. suppl.). 

9 Brit. J. Phot. 86 (1939) 198; 87 (1940) 7, 419, 433, 459, 468; 88 (1941) 220, 
292. 
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other substances more useful in the subsequent dye destruction. A 
tripack composed of three emulsions dyed cyan, magenta and yellow is 
extremely slow and rather impractical for camera exposures. The 
employment of dye destruction reagents which destroy dyes in the 
presence of silver, also necessitates the use of positives for exposure 
since a positive image is required. The desirability of negative ma- 
terials has recently been met by the employment of various dye gen- 
erators. 

Dye Coupling Development.—The formation of a dye image in 
conjunction with the development of a silver image may take two 
forms, known as primary and secondary color development. In 
primary color development, the oxidation product of the development 
is a dye, while secondary color development involves the oxidation of 
the developing agent and its combination with another substance 
(coupler) to form the dye. 

The growth of primary dye coupling development goes back to 
Homolka,?® who, during the course of his investigations of the latent 
image, desired colored insoluble development products. Developing 
agents which gave colored images had been known—such as pyrogallol— 
but Homolka used indoxyl and thioindoxyl to obtain blue- and red- 
colored images of indigo and thioindigo along with the silver images. 
Homolka did not apply this discovery to color photography, and 
Fischer, in 1914, patented these primary color developers for the 
formation of monochrome prints. Fischer and Siegrist * laid down 
the foundations of secondary color development at the same time and 
showed how the oxidation product of developers such as paraphenylene- 
diamine and para-amino-phenol could couple with phenols and amines 
to form dyes of the indophenol, indamine or indoanilin classes. The 
application of such procedures to multi-colored images was suggested 
at about the same time by the Neue Photographische Gesellschaft in 
connection with the formation of color photographs. 

Primary color development is rather restricted in its application 
because of the rather limited range of colors which can be obtained.. 
Primary color development ** has been suggested for obtaining a yellow 
image of higher contrast during a normal secondary color development 
by having present substantive agents in the blue-sensitive emulsions so 
that both primary and secondary color formation together will yield a 
sufficiently heavy image. 

10 Homolka, Phot. Korr. 44 (1907) 55, 115. 


11 Fischer and Siegrist, Phot. Korr. 51 (1914) 18. 
12 Brit. J. Phot. 86 (1939) 120. 
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Secondary color development has become the accepted method of 
color formation in modern dye-building processes. The number of 
possible couplers for use with a few developing agents has increased 
rapidly during the last ten years. A listing of the classes of dye 
formation may be found in the literature. For a further discussion, 
see p. 304. 

Control of Color Formation.—The localization of color forma- 
tion in the various positions of an integral tripack follows two general 
patterns, the first of which depends on the differential processing of the 
various layers of emulsion, while the second method forms the colors 
by means of reagents already present in the proper emulsion layers. 

Differential processing methods may be subdivided into those de- 
pendent on the controlled penetration of processing solutions and those 
dependent on some means of differential exposure of the emulsion 
layers. This line of demarcation is not too sharp as some methods cut 
across the line—such as those employing differential re-exposure by 
means of the controlled penetration of light! 

Controlled Penetration Methods.—These methods of ‘Color 
formation are dependent on the fact that suitably prepared solutions 
penetrate into a layer of emulsion at a very slow and controllable rate. 
The average developer takes only a second or two to penetrate an 
emulsion layer of normal thickness but, if certain “loading” reagents 
such as alcohol, glycerine and sugar are present, the penetration period 
is greatly extended. For example, in the reversal of an integral bipack 
which has been developed and subsequently bleached, it is possible by 
means of a loaded dye coupling developer to redevelop the top layer of 
halide without affecting the lower emulsion, if the time of development 
is carefully controlled. The efficiency of such controllable penetrating 
solutions is greatly increased by the inclusion of gelatin-separating or 
filter layers between the emulsions. Whenever controlled penetration 
methods are to be used, the gelatin of the separating layers is chosen 
to give considerable swelling when wet. The employment of controlled 
penetration methods is not limited to developers since bleaching baths, 
resensitizing solutions and even light itself may be used. Controlled 
diffusion of the bleaching solutions was used for several years in the 
processing of Kodachrome film. The effect of controlled penetration 
may also be obtained by the application of normal solutions on a pack 


Tu_tt—Brit. J. Phot. 85 (1938) 627, 647; 86 (1939) 115; 87 (1940) 17, 30, 
3955/6087, 605: 
FRIEDMAN—Am. Phot. 34 (1940) 914; 35 (1941) 62, 136, 220. 
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containing waterproof separating layers which could be removed after 
use. The necessity for even emulsion coatings is again evident when 
considering controlled penetration methods in relation to the afore- 
mentioned thin emulsions. 

Differential Exposure Methods.—The second type of differ- 
ential processing makes use of various means of exposing or processing 
the different emulsions separately and at will. For example, if a 
temporary opaque screen is obtainable on both sides of the center emul- 
sion of an integral tripack, it is a simple matter to expose the bottom 
emulsion through the film base, the top emulsion from the film’s front 
surface, and then to expose the center emulsion after the opaque screens 
have been removed. Differential exposure methods yvenerally depend 
on some feature of the monopack’s separating layers, or on the emul- 
sions themselves, to make individual exposures feasible. For example, 
the separating layers may contain fogged silver salts which become 
opaque screens during the first development and therefore protect the 
center layer from light until the screens are removed after the second 
development of the outer two emulsions, or the separating layers may 
be various forms of color filter (even ultra-violet) which would prevent 
certain spectral regions from affecting the central emulsion. The 
same result may be obtained by making use of color sensitizers in the 
emulsions that remain effective ATER the first development. This 
is the principle employed at the present time in processing Kodachrome. 
It is also possible to obtain the effect of differential exposure by the 
proper mixture of silver chloride and silver bromide emulsions since 
they are affected differently by a given developer, and with appropriate 
solutions they may be developed one at a time. 

Use of Substances Fast to Diffusion.—If the emulsions them- 
selves can be made to hold part or all of the color-forming substances 
through the initial processing stages, all the differential processing 
methods will be unnecessary since a single stage of color formation 
results in the appropriate color being obtained in each layer of emulsion. 
The first essential for these substances is that they remain in their 
proper location and do not wander through the film. Such substances 
must be insoluble in the processing solutions and remain fixed in posi- 
tion. Compounds which fulfill the requirement of remaining fixed to 
their support without mordants are called substantive materials. The 
term “fast to diffusion” covers many types of color formation, such as 
the types of dye incorporated in the emulsion layers of a dye destruc- 
tion process, the couplers present in the emulsions for use in dye coup- 
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ling development, dyestuff generators and accelerators. The applica- 
tion of some of these special components is indicated in connection with 
the Agfacolor, Kodacolor and Gasparcolor processes. 

Dye Bleaching.—In general, dye bleaching processes are not 
thought of in connection with integral tripacks. However, since the 
usual bleach-out process (see p. 782) consists of three light-sensi- 
tive systems coated one above the other on a single support, it deserves 
attention in this section. 

Bleach-out processes have been proposed in two physical forms. In 
the first instance, the three light-sensitive dyes or agents are coated 
one above the other on a single paper or transparent support. To 
prevent the diffusion of dye from one layer to another, dyes are gen- 
erally carried in different media. Thus, one dye might be incorporated 
in a layer of collodion, the others in layers of gelatin. In the second 
type of process, the three light-sensitive agents are mixed together in 
one medium and then coated onto the support. The former method 
has been the more widely adopted because less difficulty is experienced 
in finding a set of dyes which will work satisfactorily. 

Gasparcolor Film.—Gasparcolor film is at present being used 
only for the positive printing of cine color pictures but the procedure is 
typical of the chemical dye destruction process. The film itself is a 
two-sided integral tripack, although a normal integral tripack with the 
three emulsions on one side of the film support can be used. Gaspar- 
color is a direct process in that a negative is obtained from a negative, 
thus necessitating the use of three separation positives for normal color 
printing. Color separation negatives made by any method are satis- 
factory and, from each one, suitable black and white separation posi- 
tives are prepared. These positives are used in printing onto the color 
film. 

Gasparcolor film consists of two emulsions on one side of a film 
base, the one next to the support being sensitive to red light and dyed 
yellow before coating. The top emulsion is sensitive to blue light and 
is dyed magenta. The third emulsion, on the other side of the film 
support, is a blue-sensitive emulsion which has been dyed cyan (see 
Fig. 381). The colors of the dyed emulsions are the normal subtrac- 
tive primaries and the sensitivities are arranged so that each emulsion 
layer may be printed separately. It must be noted that the emulsion 
sensitivities have nothing to do with the color separation. If the 
tripack is exposed from the top to the black and white color separation 
positive which was printed from the green separation negative, a nega- 
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tive latent image will be obtained. If this exposure is made with blue 
light, the exposure will be restricted to the upper emulsion because of 
the limited penetration of blue light into the yellow emulsion layer next 
to the film support. A positive from the red record separation nega- 
tive may be treated similarly in exposing the cyan dyed emulsion from 
the opposite side of the support: This exposure is also made with 
blue light. The yellow dyed red-sensitive emulsion is then exposed, 
using red light, to the blue separation positive. This exposure is made 
through the magenta emulsion which, of course, transmits red light 
freely. Since the center emulsion is the only one sensitive to red light, 
a proper recording is obtained. 

When the three-part exposure has been made, the Gasparcolor film 
is developed and fixed normally and, after being washed, is treated with 
a dye destroying bath of the type discussed on p. 805. This bath 
destroys the dyes in the three layers wherever there is a developed 
image and in strict proportion to the quantity of silver present. A 
final bleach to remove the silver, and a washing, complete the processing. 
Each emulsion layer now contains a positive dye image in one of the 
subtractive printing primaries. It will be noted readily that this process 
is dependent on the dyestuffs being fast to diffusion, of the correct 
hues, lightfast and yet susceptible to destruction by the proper chemicals 
in the presence of silver. 

Agfacolor.—Agfacolor film is a culmination of the early work 
of R. Fischer. It is a typical integral tripack in which the color forma- 
tion is based on dye coupling development and the color localization on 
the incorporation in the emulsions of coupling agents which are not 
harmful to the photographic emulsion and are fast to diffusion. Agfa- 
color is fast enough for camera exposure. It can be developed to give 
a negative in complementary colors from which prints on a similar 
three-layer positive film can be made. The material which has been 
made available for amateur use is developed to give a transparency 
directly in natural colors since a single second development is sufficient 
to produce the proper three subtractive printing colors in the monopack 
layers. The successful commercialization of this monopack was made 
possible by the production of suitable coupling agents and sensitizers 
which could be incorporated in the emulsion layers without diffusion. 

Agfacolor film consists of three light-sensitive emulsions coated one 
above the other on a single film base. The order of coating is that 
generally employed, red-sensitive emulsion next to the film base, blue- 
sensitive emulsion on top. The central green-sensitive emulsion is 
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separated from the top layer by a yellow layer .001 mm. thick. The 
emulsion layers are approximately .005 mm. thick. Each layer of emul- 
sion carries a substantive coupling agent which will yield the proper 
colored image upon development. The top blue-sensitive emulsion 
carries a colorless yellow coupler, the center green-sensitive emulsion 
carries a magenta coupler, while the lower red-sensitive emulsion carries 
a cyan coupling agent. The couplers must be colorless and of such a 
character as to be readily soluble in the emulsion ingredients and yet 
remain fast to diffusion when once coated—even during processing. 

Development of Agfacolor film is comparatively simple and con- 
sists of three essential steps. In the first step, the negative color separa- 
tion latent images produced during exposure are developed in a 
developer which does not yield color-forming oxidation products. 
After the negative development is completed, development is arrested 
and the film is exposed to white light. When exposed, the film is 
developed in a color-forming developer (second step). In this stage, 
the positive silver images are developed simultaneously with the forma- 
tion of dye images. After processing in the color-forming developer, 
all the silver halides in all layers are reduced to metallic silver. In the 
third and last step of the process, all metallic silver from each layer 
is removed with Farmer’s reducer, leaving pure dye images in natural 
color. 

Kodacolor.—Kodacolor film, introduced in 1942 by the Eastman 
Kodak Company, is an integral tripack material employing dye coupling 
development in the formation of the color images. The protected cou- 
pling agents employed in the emulsions differentiates this process from 
Kodachrome. The Kodacolor process yields a color print which is 
obtained by the development of the original film to a color negative, 
and the printing onto a similar tripack to produce the positive picture 
on paper. 

The exposure of the Kodacolor film, at present available only in rolls 
balanced for daylight illumination, is normal for a medium-fast black 
and white negative material. The top emulsion layer of the film records 
the blue light from the subject, the center layer the green light and the 
lower emulsion the red light. When this film is processed in a de- 
veloper of the dye coupling type, the oxidized developer reacts with the 
yellow-forming coupling agent present in the uppermost emulsion and a 
silver and yellow dye image results. In a similar manner, magenta 
and cyan dyes are simultaneously formed in the proper positions in 
the other two emulsions. This procedure yields a three-layered nega- 
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tive silver image and a triple dye image formed simultaneously. The 
result is a color negative in that the chromatic as well as the achromatic 
areas appear reversed. Each colored object of the original scene is 
represented in the color negative by a dye or dye mixture of the com- 
plementary color. A red object will be reproduced as cyan, a blue as 
yellow. In the central emulsion layer, for example, wherever magenta 
dye is formed the emulsion has been affected by green light from the 
subject. After the silver images are removed, a color negative com- 
posed only of dyes remains. If such a negative is printed onto a 
similar material, a positive of the correct color is obtained (see Fig. 
381). 

The commercial introduction of an integral tripack negative-positive 
process for the production of color prints marks a worthwhile step 
forward. The increased latitude and higher color accuracy of a process 
of this type as compared with printing from positive color trans- 
parencies, make for reproductions of higher quality and consistency. 

Kodachrome.—Kodachrome film is an integral tripack in which 
the color is obtained by dye coupling development during the latter 
stages of reversal processing. The segregation of the three subtractive 
colors is brought about by using in the various emulsions sensitizers 
which are not affected by the first development, thus making possible 
the differential re-exposure of the three emulsions by colored lights. 

The evolution of this widely used type of integral tripack is based 
on the work of Mannes and Godowsky and the Eastman Kodak Com- 
pany in the construction of monopack films. The commercialization 
of the process in 1935 followed the application of dye coupling develop- 
ment to these emulsions as the most satisfactory method of color forma- 
tion. A single film base is coated with three superimposed emulsions, 
that next to the film base being sensitive to red, the top emulsion sensi- 
tive to blue.and the center emulsion sensitive to green. The two upper 
emulsions are separated by a gelatin layer dyed yellow to prevent the 
penetration of blue light to the two lower emulsions. This yellow 
coloration is discharged during processing. After exposure, the film 
is developed in a normal developer to give black and white negatives 
in each emulsion layer. The limited spectral sensitivities of the dif- 
ferent emulsions are retained during this stage of the processing, so 
the remaining halides are still sensitive to colored light in the same 


Brit. J. Phot. 88 (1941) 346. 
Brit. J. Phot. 89 (1942) 122, 132, 170, 181. 
Am. Phot. 36 (1942) No. 6, 40. 
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manner as before development. After the first development is com- 
plete, the film is washed to remove the developer and exposed to red 
light through the film base and developed in a dye coupling developer to 
yield a positive cyan dye image along with the silver positive. Because 
of the lack of red sensitivity of the two upper emulsions, the red light 
exposure is effective only in the lower emulsion. The film is then ex- 
posed to blue light from the top and developed in a dye coupling solution 
capable of yielding the proper silver-yellow dye image in the uppermost 
emulsion. The magenta positive image is obtained in the center emul- 
sion by the employment of a dye coupler developer after fogging. A 
final bleaching of the silver in the three emulsions leaves three positive 
dye images in the proper subtractive colors. Kodachrome film was 
previously processed by means of the controlled penetration of bleaching 
baths. In this system, the emulsion sensitizers did not have to remain 
stable. The processing was more complicated, however, and has been 
replaced by the use of the differential re-exposure method. 

Kotavachrome and Minicolor.—These identical processes were 
introduced by the Eastman Kodak Company in 1941. They are inte- 
gral tripacks and the color formation is due to dye coupling develop- 
ment. For convenience in the standardization of the processing, the 
smaller-sized prints from miniature Kodachromes have been called 
Minicolor prints. The prints made from professional cut sheet Koda- 
chromes are called Kotavachrome prints. The Kotavachrome prints 
are generally color corrected by a single negative mask (see Chapter 
XXXIV). 

Kotavachrome and Minicolor differ from Kodachrome only in that 
the emulsions are coated on a white pigmented cellulose acetate base 
instead of on a transparent film support. This base acts as an efficient 
white reflecting surface and one which is convenient during processing 
and subsequent usage. The image contrasts of the three emulsions 
are lower than those of Kodachrome to make the result suitable for 
viewing by reflected rather than by transmitted light. Both materials 
are used by the Eastman Kodak Company in making color prints from 
Kodachrome transparencies. 


CHAPTER XXXIV 
ACCURACY OF COLOR REPRODUCTION 


Introduction.—It would seem obvious that a color photograph 
should reproduce as accurately as possible all the colors of the original 
subject. In order to reach maximum usefulness such accuracy is par- 
ticularly essential in the color reproduction of scientific subjects such 
as, for example, a clinical specimen. In the general field of photog- 
raphy, however, facsimile reproduction is not necessarily the most de- 
sirable state of affairs. The artistic requirements for a given photo- 
graph may make it advisable to purposely distort the colors in the 
reproduction. Such factors as color contrast and fatigue, the surround, 
and the nature of the viewing conditions may seriously affect the visual 
impression received by an observer. It is common knowledge, for 
example, that the human observer soon accustoms his eye to such vary- 
ing color distribution illuminants as outdoor sunlight and indoor incan- 
descent lamps, so that after a short period of adaptation objects seen 
under either of these illuminants appear perfectly normal. 

Since practical color processes achieve their reproduction by means 
of a three-color analysis, it is obvious that a discussion of the accuracy 
with which colors can be reproduced by existing processes is in order. 
A color process capable of accurate reproduction is essential, at least 
theoretically, before intentional color alterations can be introduced. 
In general, the color processes available today have not been utilized 
to their fullest capabilities as to color accuracy, the majority of unsatis- 
factory reproductions being due to faulty manipulation rather than to 
any limitations imposed by the process itself. 

The improvement in quality of color reproduction during the last 
thirty years has been chiefly due to improved techniques, and the de-- 
velopment of superior materials for carrying out the necessary opera- 
tions. The basic methods of analysis and synthesis have seen very 
few innovations since 1900. There was a lack of accuracy of repro- 
duction in the early processes but the difficulties were chiefly due to the 


Murray AND SPENCER—Colour in Theory and Practice, Vol. I, 1940. 


Wricut—Phot. J. 80 (1940) 25. 
SoutHALL—Introduction to Physiological Optics, Oxford, 1937. 
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inadequacy of available materials. As the quality of color reproduc- 
tion has been raised, the foundations of three-color photography are 
being re-examined in an effort to improve present results and to indi- 
cate further lines of attack. 

Colorimetry.—Any investigation into the accuracy of color re- 
production must of necessity make use of some standard to which the 
results may be referred. The methods involved in the measurement 
and specification of color constitute what is known as Colorimetry. 
The fundamental basis of Colorimetry is that natural colors may be 
matched visualy by suitable mixtures of three primary colors. The 
primary colors chosen may be either narrow—essentially monochro- 
matic—regions of the spectrum, or rather wide transmission areas; in 
either case, some combination can be found to match the unknown 
color. The amounts of the three primary colors necessary to match the 
unknown are called its tristimulus values. The tristimulus values for a 
typical! tricolor redHiltery for-exampleyiare DG==039)1Y —=S 157 = 
A set of tristimulus values may readily be converted mathematically into 
trichromatic coefficients or coordinates which are useful in showing 
graphically the characteristics of all colors. Two of the trichromatic 
coordinates serve to determine the location of any color on a chro- 
maticity diagram. These two coordinates, along with one of the tris- 
timulus values, serve to specify the three attributes of any one color in 
relation to all other colors. In the chromaticity diagram of Fig. 382, 
the trichromatic coordinates of a set of tricolor separation filters have 
been plotted as examples. The curved solid line represents the locus of 
the spectrum colors and W is the location of the white point on the 
diagram. As the position in the chromaticity diagram of any color 
moves from the vicinity of the spectrum locus toward the white point, 
the color tends to become less saturated. Complementary colors are on 
opposite sides of the white point. Trichromatic coordinates may be 
obtained by calculation from the results of color matches made in a 
colorimeter or by calculation from spectrophotometric curves.? 


1 The testing of the color accuracy of any reproduction or process must of 
course be referred to Colorimetry. The methods.employed are discussed in the 
Handbook of Colorimetry and technical papers relating to Colorimeters and 
Spectrophotometers. 


For a splendid discussion of Colorimetry and Spectrophotometry, subjects 
of growing importance in color photography, the reader is referred to 
Hardy, Handbook of Colorimetry, Technology Press, Cambridge, 1936. 

MacApaM—J. Soc. Mot. Pict. Eng. 31 (1938) 343. 
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Fic. 382. 


Additive and Subtractive Reproduction.—It is perhaps unfor- 
tunate that additive and subtractive color processes have been treated 
as two separate methods for the reproduction of color. Optically, 
these two ways of synthesizing a color analysis are identical. There is 
no difference in the visual appearance on the screen between a black 
and white positive projected through the red filter of a projection lan- 
tern and a cyan positive projected through the same red filter. In both 
cases the screen is black, red or some value of red, depending on the 
opacity to red light of the two positives. An additive synthesis is 
performed by projecting simultaneously the three appropriate black and 
white transparencies through red, green and blue filters with three pro- 
jectors ; while the subtractive synthesis is performed by the projection of 
cyan, magenta and yellow positives in one projector at the same time, 
by means of red, green and blue light which together form white. If 
the positives were made from the same analysis set of separation nega- 
tives and the subtractive colors, cyan, magenta and yellow, were ideal, 
the results of these two syntheses (using identical projection primaries ) 


would be the same. 
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If the three filters shown in Fig. 382 were used for an additive syn- 
thesis, the colors that could be reproduced would be those lying within 
the triangle formed by the filters when plotted on a chromaticity dia- 
gram. While this triangle does not include all colors, the range is 
sufficiently great to include the colors of almost every naturally occur- 
ring object. The color gamut of a typical subtractive process is smaller 
than that shown in the chromaticity diagram due chiefly to the relative 
superiority of the available additive filter dyes over the coloring mate- 
rials used for subtractive printing. 

Subtractive Color Correction—By far the largest quantity of 
color printing is done by means of subtractive color synthesis and this 
method must be employed to obtain a satisfactory color reproduction 
on paper. It is natural, therefore, that the greatest efforts have been 
expended in trying to overcome or minimize the color errors found in 
subtractive reproductions. All the early investigations were empirical 
in that attempts at correction of the observed deficiencies were made 
chiefly by trial and error. Since the greatest commercial interest was 
in color printing by means of inks (letter press, lithography and gra- 
vure), it was natural that the first corrective measures were developed 
for use in mechanical color printing rather than in purely photographic 
processes of color reproduction. 

Need for Correction.—The necessity for correcting the colors 
of a reproduction arises from the fact that the three printing colors, 
cyan, magenta and yellow, do not reflect and absorb light in the manner 
required to make them optically equivalent to the additive red, green 
and blue colors. For example, the cyan image, when printed onto 
paper, should produce the same effect visually in red light as would a 
black and white slide projected by red light onto a screen, and the cyan 
image should disappear completely when viewed with green or blue 
light. The only purpose of the images in each case is to act as control 
valves for the red reflectances The cyan image should absorb red light 
completely and reflect or transmit the remainder of the spectrum for 
accurate reproduction and the maximum color gamut. An examina- 
tion of the reflectance curve of the “ideal” cyan shows a complete ab- 
sorption of red and complete reflectance of blue and green. Practical 
cyans, however (Fig. 383), depart from the ideal in that they do not 
absorb red completely, and, of more importance, they do absorb a very 
large portion of the blue and green they are supposed to reflect. The 
“ideal” magenta should be a perfect absorber of green and should re- 
flect the remainder of the spectrum, namely, red and blue. Obtainable 
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magentas do not absorb green completely and are far from satisfactory 
reflectors of blue.. Most yellow printing colors, on the other hand, are 
satisfactory enough for practical purposes. The inefficient red absorp- 
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Fic. 383. Ideal and Real Reflectance Values for Subtractive Printing Colors. 


tion of the cyan and the inefficient green absorption of the magenta are 
secondary defects and may be ignored as a first approximation, but the 
poor green and blue reflections of the cyan and the poor blue reflection 
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of the magenta are serious enough to cause noticeable reproduction 
errors. It is evident from the character of these typical printing inks 
why printers have used the terms blue, red and yellow in naming their 
printing colors. In fulfilling the necessary press and light fastness 
requirements, the available inks do not approach the desired cyan, 
magenta or yellow hues. 

Effect of Normal Printing Colors.—The result of using available 
printing inks leads in general to a darkening of the cold colors and a 
desaturation of the warm colors. In Fig. 384, where five colors and 
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Fic. 384. Five Colors (Dots) and Their Reproductions, (Arrow Heads) Plotted 
on a Chromaticity Diagram. 


their reproductions have been plotted on a chromaticity diagram the 
color shifts may be readily observed. Examination of the defective blue 
reflection of a typical cyan shows that when this ink is printed to deposit 
red densities on the paper support (absorption of red light), it also 
deposits a certain percentage of blue density (absorption of blue light). 
The same situation exists for the magenta where the printing of green 
densities involves, because of the deficient spectral reflection, the print- 
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ing of blue densities. Since it is the yellow ink that is supposed to print 
all the blue densities in the reproduction, the amount required to pro- 
duce a neutral gray scale (composed of equal parts of red, green and 
blue densities) is considerably decreased. The quantity of yellow print- 
ing in all areas of the picture is of course dependent on the amount of 
yellow required by the gray scale. This situation leads, therefore, to 
lesser deposits of yellow ink than are required for accurate reproduc- 
tion of all yellows and colors containing yellow in the chromatic 2 areas 
of the picture—a desaturation or dilution with white. The same situa- 
tion for the magenta is brought about by the undesirable green densities 
deposited by the cyan ink and all colors containing magenta and yellow 
are therefore less saturated than desired. On the other hand, the poor 
reflection of the blue region of the spectrum by both the cyan and 
magenta and the poor reflection of the green by the cyan ink leads to a 
rather limited brightness for blues, greens and their mixtures in a color 
print. 

Corrective Measures.—The deficiencies noted cannot be cor- 
rected by the simple expedient of changing the contrast of one or more 
of the printing colors since any slight improvement brought about for 
some particular color would be offset by a further loss of color accuracy 
in some other colors. An empirical approach to correction may be made 
in two directions. In the first place, a study of the spectrophotometric 
curves of the printing inks indicates that improved color reproduction 
will be obtained by a decrease in the amounts of yellow and magenta in 
all areas of the print where cyan is required. In this manner, the extra 
blue and green densities deposited by the cyan ink are partially cor- 
rected. The second method of approach to the problem is to consider 
the reproduction of a picture made from the three printing inks. If a 
correct reproduction of such a picture can be made, 1.e., 1f each of the 
three printers deposits the same amount of ink as was present in the 
original picture, it is reasonable to suppose that reproductions made 
under the same conditions of other types of original would be fairly 
accurate. 

The employment of such corrective measures will lead to a very 
considerable improvement in the accuracy of color reproduction. In 
photo-mechanical processes, the corrective measures may be applied by 
hand. After the metal plates have been proofed, the magenta and yel- 
low images are locally etched to decrease the amounts of magenta and 


2Chromatic colors are those distinguished by hue (red, yellow, blue, etc.). 
Achromatic colors are those without hue (grays, white, black). 
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yellow inks printing in areas where cyan is deposited on the picture. 
Successive proofs and local etchings are carried out until the desired 
correction is obtained. Since the extent of the corrections necessary is 
not dependent on the subject matter but only on the characteristics of 
the printing colors employed, the correction for any given density of 
a particular color will always be the same. It is therefore possible to 
employ photographic means to obtain the desired corrections. Photo- 
graphic color correction, or masking, involves the alteration of the 
density distribution of a given negative or positive by binding in contact 
with it another positive or negative. This mask may be used to alter 
either the contrast or the contrast and the color separation values. 
Photographic color correction as normally carried out will not lead to 
perfect color reproduction since only the larger defects can be satis- 
factorily corrected. To be commercially feasible, the number of cor- 
rective operations must be kept to a minimum, and since the errors it is 
desirable to correct are not of equal magnitude, simple masking will 
not lead to facsimile reproduction but can give greatly improved results. 

A system of photographic color correction described by Murray is 
typical of the procedure followed. A normal red separation negative 
is exposed and developed. The green and blue separations are made 
having density ranges 1.6 and 1.4 times that of the red negative. From 
the red record negative, two positives are made having density ranges 
of 40% of the green record and 30% of the blue record. These posi- 
tives are bound with the green and blue separations to form the color 
corrected negatives. The positive masks on the green and blue record 
negatives prevent some magenta and yellow from printing in those re- 
gions where cyan is present, thus decreasing the degradation of cyans, 
blues and greens, At the same time, the increased contrast of the 
magenta and yellow images (neutralized by their masks for all neutral 
or achromatic tones) leads to a higher saturation (increased printing 
strength) of all reds, yellows and magentas. 

Black Printers—The superimposition of three normal process 
inks leads to very poor reproduction of detail in the dark neutral areas 

8 The Modern Masking Method for Correct ,.Color Reproduction, Eastman 
Kodak Co. 


#Such masking methods are not the best obtainable but were the first strongly 
advocated commercially. It must be borne in mind that these procedures were 
developed empirically before the applications of Colorimetry and the Subjective 
Theory of Color Reproduction indicated the proper method of color correction. 


An excellent review of photographic masking methods, mostly for use with 
printing inks, was given by Tritton, Phot. J. 78 (1938) 732. 
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of the picture. The maximum neutral density obtainable is about 1.3. 
Wherever higher densities are required, the tendency is for the neutral 
tones to become colored, generally reddish. For this reason, printers 
have been led to use four-color processes for quality reproduction, 
making use of the three standard subtractive colors and a fourth black 
impression. There are two uses to which the black printer can be put. 
In the first case, it can be used to print only on the dark neutral areas 
of the print, so supplying the necessary additional deposits to make 
possible achromatic detail in densities greater than 1.3. In the second 
place, the black printer can be used to supply all the neutral tones of 
the picture, whatever their density, as well as the gray component for 
all chromatic areas requiring it. 

The first suggestion for a black printer seems to have come in 1897 
from Albert,’ who suggested the removal of the achromatic components 
from each color impression in the final print so that the three color 
printings supplied only the chromatic portions of the picture. A fourth 
printing supplied all the black to the reproduction. A black printer of 
this type, supplying all the achromatic portions of the picture, greatly 
improves the photograph because of the absence of any difficulty in 
properly balancing the three chromatic colors at all densities—in ordi- 
nary practice somewhat difficult to accomplish. This use for a black 
printer is especially desirable for three-color photographic printing as 
well as for printing inks. The second type of black printer involves 
the printing in of achromatic areas of densities greater than can be 
satisfactorily reproduced by the three printing colors alone. The nega- 
tive for such a printer is generally exposed through a yellow filter on 
panchromatic material. If a normal density printer is made from this 
negative, the black will degrade all the color areas of the picture. To 
avoid this difficulty, the black printer positive is only lightly exposed, 
thus limiting its deposits to the shadows. Considerable hand corrective 
work is generally necessary even with such an expedient. Murray sug- 
gested an improvement (for certain specified types of copy) by recom- 
mending an infra-red separation negative for making the black printer.* 
The applicability of the infra-red method is dependent on the fact that 
most coloring materials strongly reflect infra-red while many achro- 
matic materials absorb infra-red radiation. Thus, a black printer made 

5D.R.P. 101,379. 


6 Murray, National Lithographer 41 (1934) 19; Photo-Engravers Bull, 23 
(1934) 13; 24 (1935) 208. 
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from an infra-red record will not deposit black on any but achromatic 
areas. Yule? has recently shown that the densities of the black printer 
should be related to the lowest equivalent density of the three color com- 
ponents when suitably color corrected and, for the most accurate re- 
production, a mask from such a black printer should further correct 
each of the color corrected separation negatives.’ Black printers are 
rarely used in strictly photographic reproduction methods since the com- 
bined dyes or pigments yield satisfactory neutral images—the improve- 
ment in color accuracy does not generally justify the extra operations. 

Other Photographic Color Correction Methods.—The amount 
of color correction required for most photographic color printing meth- 
ods is not so great as that needed for printing inks because of the some- 
what superior spectral absorptions of the printing colors. As shown in 
Fig. 383 the deficiencies of the various magentas, for example, vary 
somewhat, and for the fullest color correction the extent of the masking 
required should be determined for the process employed.® 

It is possible to increase the sharpness of divison between the areas 
of the picture printed by the three printing colors by the use of weak 
positives obtained from negatives made with “minus color” filters (cyan, 
magenta and yellow) as masks in contact with the normal separation 
negatives. In this manner, the areas printed by any given color are 
restricted by the mask. This method is not so widely used as some of 
the other masking procedures discussed. 

In general, it may be stated that some correction is desirable in almost 
every case. The extent to which masking should be carried is de- 
pendent on the presence of colors that would be poorly reproduced with- 
out corrective measures, and the necessity for high color accuracy. It 
is better to undercorrect than to carry the masking to extremes, both 
from the standpoint of color accuracy and the “photographic quality” 
of the reproduction. The physical combination of negatives .and posi- 
tives of fairly high contrast leads to difficulties with image spread at 
the outlines of objects and a general destruction of tone. Optical 
means for carrying out the masking operations have been suggested ?° to 
overcome these difficulties, but they are expensive and hard to operate. 
Corrections may also be made electrically * or by means of special pho- 


7Yule, J. Opt. Soc. Am. 30 (1940) 322. 

8 Brit. J. Phot. 87 (1940) 99, 112. 

9 Colton, Phot.Tech. 1 (1939) No. 3, 19. 

10 Klimsch’s Jahrbuch 29 (1936) 67. 

11 Brit, J, Phot, 86 (1939) 259; 87 (1940) 112. 
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tographic emulsions or copy coloring materials 12 which automatically 
give the desired masking effect. (See also Chapter 33.) 

It is possible to employ colored images as masks. The density of 
the colored image to the light-emulsion combination employed determines 
the extent of the correction obtainable with a given mask. A’ method 
suggested by Kodak '* for use with the Wash-off Relief process involves 
the making of a relief film from the red separation negative and its 
dyeing to the proper contrast in the cyan dye. This relief film is com- 
bined with the green separation negative, and the combination used in 
exposing the relief film to be dyed magenta. The density of the cyan 
dye to blue light gives considerable color correction for the magenta 
image. After dyeing the magenta, the combination of blue separation 
negative and cyan and magenta positive images is used in exposing the 
relief film to be dyed yellow. This method does not give full color 
correction and is rather difficult to use except for contact printing, but 
because of its low cost (no extra materials necessary for use as masks) 
and worthwhile correction, it has found widespread usage. 

The theoretical color corrections required for a set of acid imbibition 
dyes has been calculated and various simplified approximations origi- 
nated that cover the larger errors of reproduction. For example, it 
has been shown that the red filter negative should be masked by a posi- 
tive from the green filter negative; the green filter negative should be 
masked by a positive from the red filter negative; the blue filter nega- 
tive should be masked by a positive from the green filter negative. 
Various two-mask methods have been calculated since the most impor- 
tant masks are the red filter masking positive on the green record nega- 
tive and the green filter masking positive on the blue filter negative. 
Selman ** has published details of three distinct procedures for obtain- 


12 Automatic color correction may be obtained optically by exposing the color 
separation negatives through, or subduing the copy by means of, negative masks. 
If copy is being colored for subsequent photographic separation, special paints 
such as the Kodak Fluorescent Paints that fluoresce under ultraviolet illumination 
may be employed. After the color separations have been exposed in the normal 
manner, supplementary exposures by means of ultraviolet light fluorescence add 
density to the negatives requiring color correction. Figure 381 was prepared with 
Fluorescent Paints and the reproduction plates did not require any additional 
photographic or manual color correction. ; 

13 Color Printing with Eastman Wash-off Relief Film, Eastman Kodak Co. 

14 Selman, Phot. J. 80 (1940) 375. 


MacApamM—J. Opt. Soc. Amer. 28 (1938) 466. 
MarrtaceE—Phot. J. 80 (1940) 364. 


826 


Oe 


ACCURACY OF COLOR REPRODUCTION 


100% 


Yellow 


50 


400 500 600 700mp 400 500 600 700 mye 


400 500 600 700mp. 400 500 600 700 mp. 


100 100% 


. 50 50 


400 500 600 700mp 400 500 600 700mp 


Fie, 385. Original (Solid Lines) and Positive Color Transparency Reproduction 
(Dotted Lines). Spectrophotometric Curves of Six Bright Colors. 
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ing satisfactory correction for Wash-off Relief dyes, two using the 
silver relief film images as masks and a third using standard positive 
Images. 

Accuracy of Color Transparencies.—Color transparencies of the 
screen or integral tripack types are used for direct printing, projection 
or as a means for obtaining three color separation negatives for sub- 
tractive color printing. The accuracy of reproduction of screen mate- 
rials was discussed in Chapter XXXII and this section will deal more 
specifically with integral tripacks. 

A color transparency considered by itself, thereby disregarding errors 
due to improper exposure and processing, may not be an accurate re- 
production of the original scene because (1) the limited latitude of the 
reversal process involves inaccurate reproduction of all but a fairly 
short range of subject luminosities, and (2) the spectral absorptions 
of the dyes composing the three positive color images are not ideal. 
The extreme brilliance of the average color transparency leads to its 
psychological acceptance as an accurate reproduction of the original 
scene. Colorimetric measurements, however, show very definite in- 
accuracies in the transparency. In Fig. 385, for example, the spectro- 
photometric curves of the original colors and their transparency re- 
production are considerably different, yet the eye will accept such a 
transparency as a good match.’® The acceptance of such color errors is 
not of vital importance until it is necessary to make a color print from 
the transparency. 

Roles of the Color Transparency.—Printing from color trans- 
parencies involves the preparation of a set of three separation negatives 
to be printed in the usual manner, or the direct printing onto materials 
of the dye bleach, dye destruction or dye coupling types. The color 
transparency may be considered either as an original color picture to 
be photographed or as a set of physically inseparable colored separation 
positives or negatives. One desired goal is the accurate reproduction 
of the positive color transparency. Such a result requires similar 
dyes in similar amounts at each point of the reproduction as was present 

15 These curves, incidentally, show the vital importance of proper exposure for 
the color it is necessary to reproduce accurately. All five colors received equal 
illumination, but for the best reproduction of the violet and green a greater expo- 
sure would be advisable. Such an increase would have decreased the accuracy 
of reproduction of the lighter red, yellow and pink color patches. The colors 
shown are special cases and should not be interpreted as a general case. Most less 


saturated colors would be reproduced considerably better. The differences would 
not be quite as marked if plotted on a Chromaticity diagram. 
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in the color transparency. A second method seeks to obtain a repro- 
duction of the original scene from which the transparency was made. 

Reproducing Color Transparencies.—Indirect reproduction from 
color transparencies necessitates the use of a set of color separation 
negatives made from the color film. The color filters generally used 
are of the analysis type (sharp cutting filters without appreciable over- 
lap) such as Wratten Numbers 29, 61 and 49. The panchromatic 
emulsion to be used should be carefully chosen (1) to have as long a 
straight portion to its characteristic curve as possible, (2) to have 
curves of similar shape for each separation and (3) to have a sensitiza- 
tion of the medium red sensitivity type. Exposure, by contact or pro- 
jection, and development are carried out normally so that a neutral gray 
scale is recorded equally on the three separation negatives. The chief 
difficulty in the reproduction of positive color transparencies by this 
method lies in the excessively long brightness range of the film’s color 
image to be reproduced. As most of these materials are intended for 
projection, the contrast is very high. The average minimum density is 
approximately 0.3 and the maximum 3.00, a density range of 2.70. 
When separation negatives are made from such a subject, color distor- 
tion results because of the inability of the negative materials to record 
such a density range on the straight line portion of their characteristic 
curve. Exposures long enough to record transparency densities as high 
as 3.0 onto the separation negatives are generally so long that the lower 
densities are recorded with excessive image spread and halation—thus 
leading to a loss of photographic quality. 

Since accuracy of highlight detail is most important, the separation 
negative exposures are arranged so that the highlight densities of the 
transparency fall near the break between the straight line and the 
shoulder of the characteristic curve of the material employed,!® as in 
Fig. 386. Even with such placement, the shadow regions of many color 
transparencies will be incorrectly reproduced because they are recorded 
on the toe portions of the separation negatives. Development to a low 
contrast (y = 0.6) is necessary to keep the reproduction scale within the 
range of the negatives and the printing process to be subsequently em- 
ployed. The density range of the color transparency may be reduced, 
and so minimize the difficulty, by using a low contrast black and white 
negative bound in register with the color transparency while the separa- 
tion negatives are being made. This negative mask is printed by con- 
tact with the color transparency, using a panchromatic emulsion and 


16 Kurtzner and Seymour, Amer. Phot. 32 (1938) 862. 
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white light..7 After developing to a low contrast and drying, the mask 
enables the density range of the transparency-mask combination to be 
readily recorded on the straight region of the separation negative char- 
acteristic curves. Direct positive dye images may also be obtained 
from color transparencies (page 779). 


x TRANSPARENCY 
HIGHLIGHTS 


DENSITY 


LOG E 


Fic. 386. Placement of Transparency Highlights at Negative Characteristic 
Curve’s Shoulder May Enable Shadow Areas to Record on Straight Line. 


Inaccuracies of a Color Print.—lIf a satisfactory set of color 
separation negatives, made as discussed above, is printed by any of the 
subtractive paper print processes, the reproduction usually proves to be 
a great disappointment. This failure is due to three factors: 

1. The reproduction of the transparency as a print. 

2. The unsatisfactory spectral absorptions of the printing colors 
employed. 

3. The transparency’s not being the same as the original. (Colori- 
metric view of equality.) 

The inherent limitations of a paper print as compared with a transpar- 
ency, whether in black and white or in color, cannot be too strongly em- 
phasized, Because of the limited brightness range which a print viewed 
by reflected light is able to reproduce satisfactorily, the gradation of a 
considerable portion of all but very short scale subjects is incorrectly 
recorded. For example, by means of color correction, it is possible to 
reproduce the original color transparency very accurately as a set of 
imbibition matrices dyed to be examined by transmitted light. If these 


17 Such a procedure is not the same as using a low contrast method since the 
mask maintains color saturation but reduces the achromatic scale. 
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same matrices are lowered in contrast to make them suitable for viewing 
by reflected light, the reproduction will be correct only over a very lim- 
ited range. It is important to note that the color accuracy is in the 
matrix images but simply cannot be seen by reflected light. 

The discussion on p. 818 of the inefficient spectral absorptions of 
printing colors applies to the reproduction of color transparencies, and 
to obtain color accuracy, some of the masking correctives must be em- 
ployed. The color correction should be as complete as possible be- 
cause the other errors just discussed, which cannot be eliminated, will 
cause sufficient color degradation. Suitable masking will enable a quite 
faithful transparency reproduction of the original color transparency 
to be prepared. 

The third difficulty is dependent on the memory of the observer for 
the original scene as compared with the color print. The color trans- 
parency is not, of course, an accurate picture of the original scene, since 
it suffers from all the defects of inefficient spectral absorptions of the 
dyes composing the three positive images in the transparency. Recent 
developments indicate an increasing use of partial automatic masking 
during the processing of positive color transparencies. In this manner 
it is possible to produce reasonably accurate reproductions of the orig- 
inal. An accurate reproduction of the transparency, when in the form 
of a paper print, has had removed the psychological acceptance of the 
colors due to the extreme brightness range, and therefore the color 
errors are more apparent. It is not surprising, therefore, if a straight 
reproduction from a color transparency bears little resemblance to the 
original copy. It is in reality an inaccurate reproduction (print) of an 
inaccurate reproduction (integral tripack) printed within the limitations 
imposed by the brightness range of a paper print! Masking, as dis- 
cussed above, will neutralize the errors of the printing process but will 
not remove the other deficiencies. 

Recording Transparency Color Records.—A further improve- 
ment can be made by recording the color analysis performed by the 
tripack of the original subject. If the layers of the integral tripack 
were properly sensitized ** so that each layer recorded one of the color 
separations, it would be desirable to take thé separations apart physi- 
cally. If this could be done with a knife, for example, three separa- 
tion negatives or positives, equivalent to those that might have been 


18 The color analysis by the tripack layers may not be so perfect as that obtain- 
able by the usual trichromatic analysis but the errors introduced are of the second 
order and may be ignored, 
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exposed in the normal manner by successive exposures in a view 
camera, would be obtained. This desirable result would obviate all 
the difficulties arising from the inaccurate reproduction of the original 
scene by the transparency dye images. Such a procedure is feasible 
if done optically. The green separation record, for example, exists 
in a positive color transparency as the positive magenta dye image. 


ms TOP DYE LAYER 
R SG B (YELLOW) 


CENTER DYE LAYER 
(MAGENTA) 


LOWER DYE LAYER 
(CYAN) 


QQQagyd PROPER ABSORPTION 


UNDESIRABLE ABSORPTION 


Fie. 387. Proper and Undesirable Light Absorptions by Typical Integral Tri- 
pack Dye Images. 


If this image could be recorded on only one separation negative, the 
equivalent of the original green separation record would be obtained. 
Unfortunately, as shown in Fig. 387, all cyan and (to a lesser extent) 
yellow dyes show considerable absorption of green light and therefore 
will also be partially recorded on the green separation negative in accord- 
ance with their absorptions of green light. See also Fig. 383. Ina 
similar manner, it can be shown that the red and blue separation nega- 
tives will record more than the desired cyan and yellew dye images 
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respectively. The problem of obtaining a set of color separations from 
an integral tripack, therefore, resolves itself into the problem of re- 
cording each of the dye layers separately without interference from 
the other two. 

Single Color Separations.—The recording of undesirable posi- 
tive transparency images can be prevented by neutralizing the offending 
images with negatives of like color and contrast.1° A red filter nega- 
tive exposed in contact with the transparency, will, for example, record 
the cyan dye layer. This black and white negative may be converted 
into a negative cyan image with a contrast equal to that of the tripack 
positive cyan image. When these are bound together, the cyan tripack 
image is ineffectual while the blue or green separation negatives are 
being exposed. In a similar manner, a negative magenta mask will 
neutralize the effect of the tripack’s magenta image. If the two masks 
and the color transparency are registered together, the blue separation 
negative obtainable from the combination will be approximately the 
equivalent of a color separation negative exposed to the original copy. 
Similar corrective masks may be applied when making the green and 
red separation negatives, although it must be borne in mind that the 
correction desired is not the same for each color. 

Negative Silver Masks.—Another method leading to a similar 
separation makes use of negative silver image masks.*° A negative of 
the color transparency made with a magenta filter, for example, records 
the cyan and yellow images (the red and blue separations in the tri- 
pack). If such a negative of the correct contrast is bound in register 
with the color transparency while the green record negative is being 
made, only the magenta dye layer image will be recorded for the green 
separation. Ina similar manner, negative masks exposed through cyan 
and yellow filters are employed to allow correct red and blue separations 
to be procured.*. This procedure has the additional advantage that 
the density range of the transparency is reduced, thus allowing the 
whole scale to be recorded on the straight portions of the separation 
emulsion’s characteristic curves without excessive image spread and 
halation. 

19 Brit. J. Phot. 86 (1939) 279. B.P. 494,341. 

20 Hoeppner and Paschel, Modern Lithography, Oct. 1939. 

21 Strictly speaking there are, of course, improper densities recorded on the 
negatives to be used as masks and the corrective measures necessary for the two 


undesirable dye layers in any given case will not be identical. These errors are 
of a second order in importance and may be ignored in practice, 
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Single Mask Method.—The previous methods require three 
negative masks with the necessity of registering the appropriate mask 
with the transparency before each of the color separation negatives is 
exposed. The possibilities of registration errors and a considerable loss 
of photographic quality are therefore present. A simplified procedure 
involves the use of but one negative mask to be bound in register with 
the transparency while the three separation negatives are exposed. 
This will allow the saine scale decrease possible with the three mask 
method, a slight color correction, and only involve one-third the expense 
and difficulty. The filter used in exposing the mask may be almost 
any color depending on the correction desired. Both yellow and red 
have been suggested for landscapes and portraits respectively, but for all 
subjects combined together, the single mask exposed with an orange 
filter seems to give the best all around correction. As in the case of 
the three mask method, the contrast of the masks is dependent on the 
correction desired but must always be kept so low that no reversal from 
a positive to a negative occurs when the mask is bound with the color 
transparency. Recently introduced stripping emulsions that may be 
cemented onto the color transparency before being exposed and devel- 
oped, make the single mask procedure quite simple and remove any 
difficulties with registration. 

Supplementary Printing Correctives.—It must be borne in mind 
that the negative masking just discussed is designed to eliminate the 
errors introduced by the spectral absorptions of the dyes comprising the 
transparency images so that three pure color separation negatives may 
be obtained. If these three separation negatives are to be printed by 
the normal subtractive methods onto paper, the necessity of color correc- 
tion for the spectral deficiencies of the printing colors still exists. If 
this is properly carried out by any of the normal procedures, the color 
reproduction obtainable from a color transparency closely approximates 
that obtained directly from the original subject. 

Developments in Color Theory.—The foundation on which Max- 
well based his original work on color reproduction was the three-color 
visual mechanism proposed by Young. The experimental visual color 
mixture curves presented by Maxwell and other workers were, for a 
time, thought to supply the clue as to the proper type of color analysis 
and synthesis necessary for satisfactory color reproduction. The mix- 
ture curves were obtained from experiments on the visual matching of 
spectral colors by means of three essentially monochromatic primary 
lights, colored red, green and blue. The exact colors chosen as pri- 
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maries were not of vital importance as most colors could be matched 
by several suitable sets of primaries. Maxwell assumed that the photo- 
graphic emulsion integrated, by means of its sensitivity and the trans- 
inission of the filter employed, all the energy falling on it so that its color 
record was that shown by the positive portion of the appropriate color 
mixture curve. This viewpoint was strongly supported by Ives * 
among others, but was soon displaced by a purely objective view of 
color photography. 

The subjective viewpoint, i.e., that the observer’s visual system was 
of basic importance, was discarded because of the belief that spectral 
color mixture data were not applicable to color photography. Serious 
questions were raised as to the exposure summation by the photographic 
emulsion and it was found that, if the color records were to follow the 
color mixture curves, the final synthesis should be made with mono- 
chromatic lights—a situation impractical in most cases. To be visually 
satisfactory as to brilliance, the additive synthesis colors would have to 
cover the spectrum, each color being roughly one-third of the “visible 
region. When such colors are used for color vision experiments, the 


COEFFICIENTS 


Fra. 388. Typical Color Mixture Curves. 


mixture curves exhibit much larger negative portions than those shown 
in Fig. 388, which are obtained from monochromatic mixtures. Since 
the problem in color photography is to reproduce natural colors of wide 
spectral reflectances instead of spectral colors, it was considered ad- 


22 Ives, J. Franklin Inst. 125 (1888) 345; 127 (1889) 54, 
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visable to base color reproduction on the practical color analysis filters 
which would merely determine the regions where the complementary 
colors were to print. A set of wide overlapping color curves were pre- 
sented by Bull (see p. 746) as the ideal requirements for color analysis 
filters.°° This objective viewpoint gained wide acceptance and directed 
most color work until 1930. The errors that were apparent in color re- 
production ** were readily explained as due to the unsatisfactory spectral 
absorptions of the subtractive printing colors and improvements in this 
direction were regarded as being of greater importance than further 
attempts at perfecting the analysis filters. 

In 1935 Spencer *° carried out an exhaustive series of experiments 
on the effect of various types of analysis color filters on the accuracy 
of subtractive color reproduction, and observed that the more closely 
the color filters came to corresponding with the “ideals” demanded by 
the objective theory, the less satisfactory the reproduction of color. 
Spencer pointed out that the commercial filters in common usage (which 
were designed to approximate the ideals as closely as possible) gave 
better reproduction in that they did not fulfill the ideal requirements. 
Indeed, the commercial filters were somewhat closer to the positive por- 
tions of the color mixture curves. At about the same time an investi- 
gation by van Kreveld *° established the additivity law for photographic 
exposures *7 as demanded by the original concept of Maxwell. Such 
discoveries, along with the rapid improvement in color materials, natu- 
rally led to a new series of investigations into the theoretical basis of 
color photography. 

Theory of Additive Three-Color Photography.—The theory of 
three-color photography has recently been under investigation by a 
number of workers, among them Schaefer and Ackermann, Neuge- 
bauer, Hardy and Wurzburg, Harrison and Horner, MacAdam and 
Yule. These investigations emphasize the subjective theory of color 
photography in that they are based on the color mixture data of the 
average human observer. 

The goal of color reproduction is to obtain a visual match between 
the print and the original subject. This does not imply that the spectro- 
photometric energy distributions will be the same but merely that the 


23 Phot. J. 51 (1904) 148; 52 (1905) 448; 75 (1935) 71, 258. 
24 Phot. J. 63 (1923) 403. 

25 Spencer, Phot. J. 75 (1935) 377. 

26 yan Kreveld, Z. wiss Phot. 32 (1934) 222. 

27 Webb, J. Opt. Soc. Amer. 26 (1936) 12. 
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visual appearance of the subject and reproduction will be identical. 
The visual identity of two colors occurs when they have proportional 


tristimulus values. Hardy ** has shown that the effective spectral sensi- 
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VALUES OF x 
Fic. 389A. Color Gamut Obtainable with Positive Amounts of the Indicated 
Homogeneous Primaries Shown Inside Dashed Triangle. (Hardy, J. Opt. Soc. 
rain Pl) (SEY), ZZI/3)) 


tivities (sensitivity of emulsions and filter transmissions) of the analysis 
system are directly related to the color mixture curves of the observer 
and the colors to be used in the synthesis. This follows from Hardy’s 
equations. 

= XrSr + XgSq + XoXo, 

VrSr + YoSg + YoSs, 

ZrO + SySy + SoS, 


where Z, 9 and Z are the distribution functions of the standard ob- 
server adopted by the International Commission on Illumination, 


*8 Hardy and Wurzburg, J. Opt. Soc. Amer. 27 (193782275 
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Fic. 389B. Functions Sr, Sg and Sv Represent the Effective Spectral Sensi- 
tivities of the Emulsions Used in Making Separation Negatives to Control the 
Homogeneous ‘Primaries of Figure 389A. (Hardy, J. Opt. Soc. Am. 27 (1937), 
Dede) 
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S,, S,, Sp are the effective spectral sensitivities of the emulsion-filter 
combinations employed, and x;, y,, 2, are dependent on the chro- 
maticity of the synthesis colors. It is evident from these equations 
that the choice of a given set of additive synthesis colors predeter- 
mines the effective spectral sensitivities to be employed when making 
the color analysis. This fact is clearly evident from calculations by 
Hardy showing the analysis characteristics required for different 
synthesis primaries. Fig. 389 shows the effective spectral sensitivity 
functions required for the widely different synthesis primaries shown 
in their respective chromaticity diagrams. 
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Fic. 389C. Color Gamut Obtainable with Positive Amounts of Nonhomogeneous 
Primaries. (Hardy, J. Opt. Soc. Am. 27 (1937), 227.) 


For additive processes, the choice of synthesis colors is based ?? on 
(1) the widest possible gamut of colors that can be reproduced (taking 
into account the colors that are apt to be required), (2) the colors that 
will lead to the smallest practical negative regions for the analysis spec- 


29 Harrison and Horner, Phot. J. 77 (1937) 706. Schaefer and Ackermann, 
Z, Physik 8 (1927) 55. 
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Fre. 389D. Functions Sr, Se and S» Represent the Effective Spectral Sensi- 
sitivities of the Emulsions Used in Making Separation Negatives to Control the 
Nonhomogeneous Primaries of Figure 389C. (Hardy, J. Opt. Soc. Am. 27 
(1937)227,) 
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tral sensitivities, and (3) the necessity in some cases (non-separable 
screen plates, for example) of using the same colors for analysis and 
synthesis. The effective spectral sensitivity curves shown in Fig. 389 
are typical of those generally obtained but are not of fundamental im- 
portance except for their own special synthesis colors. While the nega- 
tive regions of such curves vary widely with the synthesis colors em- 


30 


520 szs 
9 OOS) 


80F ° 535 


fe] 10 220 30 40 50 60 70 


Fic. 390. Calculated Chromaticity Reproductions of: (a) Circled Points, an 
Additive Process Using Spectral Sensitivities Proportional to the Positive Por- 
ticns of the Color Mixture Curves; (b) Crosses, an Additive Process in which 
Masking is Used to Introduce First Approximations to the Effect of Negative 
Spectral Sensitivities. (MacAdam, J. Opt. Soc. Am. 28 (1938), 399.) 


ployed, the positive portions of the curves are always quite similar. The 
use of effective spectral sensitivities proportional to the positive portions 
of the color mixture curves *° leads to quite accurate reproduction as 
shown in Fig. 390 (after MacAdam) where the reproductions of the 
various colors have been displaced towards the center of the chromaticity 
diagram. A slight increase.in the reproduction gamma leads to some 


30 MacAdam, J. Opt. Soc. Amer. 28 (1938) 399, 
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improvement of the color accuracy,** Fig. 391. The negative portions 
of the spectral sensitivity curves should be taken into account for the 
most accurate color reproduction. Hardy (loc. cit.) discussed sev- 
eral photographic methods that may be employed, one of them being 
a form of masking similar to that already discussed, although exposures 
and not log exposures (densities) should be subtracted by the mask.*” 
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Fic. 391. Calculated Chromaticity Reproductions of Additive Process in which 
Spectral Sensitivities are Proportional to the Positive Portions of the Spectral 
Sensitivity Curves. Result of Gamma Changes from 10 to 1.5. (MacAdam, 
J. Opt. Soc. Am. 28 (1938), 399.) 


In Fig. 392, for example, the positive and negative portions of the curve 
may be recorded on separate emulsions and a positive mask from the 
one recording the negative region registered in contact with the standard 
negative. The mask will subtract densities. Special toe recording 
emulsions are necessary to allow exposures rather than densities to be 


31 Wright, Phot. J. 80 (1940) 25. 
82 Hardy and Wurzburg, J. Opt. Soc. Amer. 27 (1937) 227. 
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subtracted. Other photographic and electrical means of recording the 
negative spectral sensitivities have been discussed elsewhere.** 
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Fic. 392. Combination of Negative and Mask May Yield an Effective Spectral 
Sensitivity Identical with Sr Function of Figure 389D. (Hardy, J. Opt. Soc. 
ral Path (OWRY) ny 2275) 


Application to Subtractive Color Photography.—An extension of 
the above theory to subtractive color reproduction is of the greatest im- 
portance because of the widespread commercial use of such processes. 
Subtractive printing colors offer special problems since they do not con- 
form to the simple laws of additive color mixture. With a given cyan 
dye, for example, two deposits printed one above the other will not 
necessarily lead to a density equal to the sum of the two original densi- 
ties and, furthermore, the dominant wave length may shift with the dye 
concentration. Subtractive printing colors reacting in this manner are 
called “unstable” because their spectral characteristics are not constant. 


83 Brit. J. Phot. 80 (1940) 125, 141, 155. 
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844 ©O® ACCURACY OF COLOR REPRODUCTION 


Since the effective spectral sensitivities to be employed in the color 
analysis are determined by the printing colors, the indicated sensitivities 
vary with changes in the printing color conditions and, therefore, cannot 
be established permanently. MacAdam** formulated an approximate 
law for subtractive color mixtures which made it possible to determine 
the effective spectral sensitivities necessary for any given set of sub- 
tractive colors. In the case of a particular set of acid imbibition dyes 
the negative regions of the effective spectral sensitivities were insignifi- 
cant enough to be ignored (see Fig. 394). This is not always the case, 
however, and appropriate additional masking should be resorted to if 
the negative sensitivities are any greater than in this particular case. 


RELATIVE SENSITIVITY 


400 \ 500 7600 700 


WAVELENGTH (mt) 


Fig. 394. Relative Spectral Sensitivity Curves. (MacAdam, J. Opt. Soc. Am. 
28 (1938), 466.) 


MacAdam (loc. cit.) and Yule,®® in an analysis of the factors af- 
fecting color reproduction (Fig. 393), showed that masking was essen- 
tial in subtractive color reproduction to counteract the deficient spectral 
absorptions of the printing colors. The application of the sensitivities 
shown in Fig. 394 and the employment of three masks on the separation 
negatives resulted in excellent color reproduction. The masks for the 
red and blue separation negatives were obtained from the green separa- 


84 MacAdam, J. Opt. Soc. Amer. 28 (1938) 466. 
35 Yule, J. Opt. Soc. Amer. 28 (1938) 419, 481. 


MiLLErR—J. Opt. Soc. Amer. 31 (1941) 477. 
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tion negative, while the mask for the green record was obtained from 
the red separation negative. 

It is evident that photographic color correction or masking, discussed 
earlier in this chapter on the basis of its empirical use, really serves two 
purposes, both of which are based on sound theoretical considerations. 
In subtractive color reproduction, masking serves not only as a correc- 
tive for the non-ideal spectral characteristics of the printing colors but 
enables the reproduction to be based on imaginary primaries whose color 
mixture curves do not have appreciable negative portions. 
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Aberration, chromatic, 76 
spherical, 75 
spherical conditions for the cor- 
rection of, 93 
Aberrations of lenses, 74 
balancing in lens design, 81 
Absorption, 56 
of filters, 459 
Acetone, in development, 333 
Achromatic lenses, 90 
Acid dyes, general constitution, 252 
Actinometers, 509 
Adapters, for film pack, 164 
for roll film, 164 
Additive and subtractive reproduction, 
736, 817 
Adon lens, 118 
Adurol, 24, 320 
Aerial photography, lenses for, 122 
Aero-Tessar lens, 123 
Aero-Xenar lens, 123 
Agfacolor, 47, 743, 811 
Agfa Ultracolor, 788 
Air bells, 562 
Albumen paper, 25 
Alcohol, drying with, 555 
Aldis lens, 105 
Alkaline development, history of, 25 
Alkalis, in development, 332 
Amidol, 24, 792 
Ammonia, hypersensitizing with, 247 
Anastigmat lens, development of, 38 
Angle of view, 69 
Angulon lens, 96 
Antiplanat lens, 37 
Aperture, relative, for near objects, 88 
determination of relative, 69 
Aplanat, 37, 92 
Apo-Planar, 123 
Apo-Tessar, 123 
Arc lamps, 176, 757 
spectral energy distribution of, 


177 
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lighting equipment, 181 
Aristostigmat lens, 113 
Arithmetical coefficient of development, 
311 
Artar lens, 123 
Astigmatism, 77 
conditions for the correction of, 
93 
Atom, Bohr, 211 
hydrogen, 211 
Sommerfeld’s model, 214 
structure of, 211 
Atomic structure, 215 
Autochrome, 787 
Aviar lens, 106 
Aviation lens, 123 


Backing prints with cloth, 715 
Back, reversible and revolving, 147 
repeating, 749 
Balmer Series, 209 
Bichromated colloids, action of light 
on, 27, 224, 741, 763, 767 
differential hardening, 779 
insolubilization of by finely 
divided silver, 741, 763, 768 
Biotar lens, 114 
Biotessar lens, 111 
Bipack, 749, 801 
Bis-Telar, 118 
Black printers, 822 
Bleach-out process, 225, 782 
Blocking out the negative, 582 
Blue printing, 697 
Box camera, 125 
Brilliance (color), 456 
Bromoil, 28, 682 
bleachers and bleaching, 683 
papers for, 682 
pigmenting, 686 
prints for, 683 
producing the relief, 685 
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transfer, 688 
operations in transfer, 690 
transfer papers, 689 
without a press, 691 
Bromo iodide emulsions, 236 


Callier factor, 407 
Calotype process, 14 
Camera, elements of, 124 
adjustments of, 144 
first use of, 7 
Cameras, box, 125 
commercial, 134 
copying, 139 
fingerprint, 138 
hand, 128 
identification, 139 
miniature, 130 
panoramic, 141 
plate and filmpack, 128 
pinhole, 124 
press, 136 
reflex, 32, 132 
reproduction processes, 140 
roll film, 127 
stereo, 143 
studio, 135 
tricolor, 751 
twin lens, 32, 133 
view, 134 
Camera obscura, 1 
Carbocyanine dyes, 254, 262 
Carbon process, 27, 662, 768, 774 
chemical reactions in, 663 
development, 666 
double transfer, 667 
exposing pigment paper, 664 
final support, 778 
image transfer, 679 
increasing sensitiveness, 664 
on bromide prints, 681 
sensitizing pigment paper, 663 
sensitizing, 678 
single transfer, 665 
Carbro, 28, 676 
bromides for, 774 
characteristic curve, 759 
causes of failure, 682 
development, 775 
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pigment tissue, 777 
preparation of celluloids, 776 
sensitizer, 776 
temporary support, 778 
3 color process, 768, 774 
transfer, 778 
Catechol, 324 
Celor lens, 99 
Changing bags, 165 
Chloranol, 24, 325 
Chloroquinol, 320 
Chromatic aberration, 76 
Chromaticity diagram, 816 
Chromatone process, 763 
Chrome alum fixing baths, 355 
Chromic acid, 776 
Chromium intensification, 574 
Chromogenic developing agents, 342 
Clark lens, 112 
Clayden effect, 293 
Collinear lens, 96 
Collodion, 764, 782, 789, 803 
emulsion, 17 
papers, 26 
process, 16 
Colloids, for photographic emulsions, 
230 
bichromated, action of light on, 
741, 763, 767 
protective action of, 232 
Collotype, 781 
Color, additive and subtractive, 733, 
736 
additive synthesis, 733, 784, 799 
attributes of, 456 
complementary, 740, 816 
correction, 818, 821 
distortion, 815, 820 
effect of light source on re- 
production of, 756 
formation, 762, 805 
minus, 736, 824 
subjective, 834 
trichromatic theory, 733, 815, 
835 
development, 304, 807 
chemical constitution and dye 
color, 347 
chemistry of, 306 
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coupler characteristics, 344 
difficulties in, 351 
protected couplers, 812 
substantives, 809 
photography, 44, 733, 833 
additive and subtractive com- 
pared, 736, 817 
lenses for, 757 
screen plate process, 738, 784 
subtractive printing processes, 
740, 762 
trichromatic theory, 733, 835 
2 color processes, 744 
accuracy, 815, 827 
printing, 740, 818 
reproduction, with photo materials, 
456, 815 
accuracy of, 815 
sensitive materials, types, 486, 754, 
759 
sensitivity, 437 
sensitizing, early history of, 21 
chart showing development in, 
23 
temperature, 168 
effect of voltage on, 172 
measurement of, 169 
of incandescent lamps, 172 
of sunlight, 171 
of various sources, 169 
transparencies, 827 
accuracy of, 827 
reproduction of, 828 
Colorimetry, 816 
Coloring lantern slides, 726 
photographs, 705 
Coma, 78 
Combinable lens, 98 
Combinar lens, 98 
Compensating filter, 790 
Compton effect, 218 
Contact printing, 616 
exposing print, 616 
printing machines, 617 
Cooke triplet lens, 104 
Copper reducer, 568 
toning, 656 
Corallin, 250 
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Coupling, dye, 741, 807 
Curvature of field, 79 
Cut film, 484 
Cyanine dyes, history and chemistry of, 
252, 254, 257, 260 
classification of, 260 
intermediates for, 264 
linking agents for, 269 
with cycloparaffins linkage, 280 
Cyanines, cyano, 289 — 
five membered, 257 
imino, 289 
preparation of, 272 
simple, 272 
tricyanines, 278 
Cyanotype process, 698 
Cycloammonium salts, preparation of, 


267 


Dagor lens, 95 
Daguerrotype process, 10 
first in America, 10 
first portrait, 11 
Dallon lens, 118 
Darkroom, location and arrangement 
of, 518 
floors, 521 
illumination, 523 
sinks, 522 
ventilation, 521 
wiring, 523 
Defects in negatives, 556 
Densitometers, 402 
for reflection density measure- 
ment, 430 
photoelectric, 404 
Density, 56, 401, 406 
exposure relation, 408 
fog, 408 
reflection, 430 
Depth of field, 70 
calculation of, 73 
of focus, 71 
Desensitization, 791 
Developers, ferrous oxalate, 315 
fine-grain, 380 
fogging with, 558 
for lantern slides, 721 
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for papers, 599 at high temperature, 543 
for sensitometry, 397 by inspection, 550 
inorganic, 315 calculating for temperatures, 341 
keeping in solution, 327 chemistry of with ferrous oxalate, 
negative, classification of, 533 300 
contrast, 545 chemistry of with hydroquinone, 
general purpose, 534 300 
physical, 547 color, 304, 807 
rapid, 540 depth, 796 
tropical, 543 effect of alkaline bromide, 334 
two-bath, 540 effect of temperature on, 340 
organic, 316 factor (gamma), 412 
sodium sulfite in, 330 factorial, 551 
tanning, 766 factors affecting time of, 549 
Developing agents, chemical constitu- horizontal, 548 
tion, 317 hot water, 767, 768, 771, 777 
chemical identification of, 329 Knapp’s process, 549 
chromogenic, 342 negative control in, 760 
coupling, 342 physical, 547 
fogging tendencies, 328 of lantern slides, 721 
history of, 24 of prints, 592, 599, 601, 602 
rate of exhaustion, 329 P & H process, 549 
reduction potential, 325 in sensitometry, 399 
solubility of, 327 ; rapid, 540 
threshold speeds with, 328 rate of reduction, 310 
Watkins’ factors of, 551 reversal, 791, 811, 813 
papers, 592 tank, 760 
fixation of, 603 temperature effect on, 761 
history of, 26 theory of, 299 
hypo eliminators for, 604 time, 552 
sensitometric characteristics two-bath, 540 
of, 436 velocity constant of, 314 
stop baths for, 602 Diaminophenol, 24, 320 
washing of, 604 Diazo process, 226, 703, 742 
solutions, alkalis in, 332 Dicyanine, 257 
alkaline bromide in, 334 Diffusing discs, 165 
effect of dilution on, 339 portrait lenses, 120 
effect of use on, 335 Dimethyl-glyoxime, 763 
replenishment of, 336 DIN speeds, 420 
testing, 337 Diogen, 25 
the preservative, 330 “Diorama, 9 
tanks, for sheet film, 533 ¥ Distortion, 80 
for roll film, 531 color, 815, 820 
Development, alkaline, history of, 25 D log E curve, 408 
agitation in, 761 effect of development on, 411, 
alkalis in, 332 432 
appearance of over and under, 557 of developing papers, 431, 594 


arithmetical coefficient of, 311 Dogmar lens, 99 
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Double lens, 35, 91 
Drying, 370 
alcohol, 555 
color separations, 755 
infra-red radiation, 554 
rapid, 554 
Dry plates, placed on market, 18 
early manufacturers, 20 
Dufaycolor, 789 
Duplicate negatives, 729 
Duratol, 25, 325 
Dye bleaching processes, 227 
destruction processes, 227, 742, 
801, 805 
coupling development, 304, 308, 
807 
processes, photochemistry of, 225 
toning, 658, 660, 764 
transfers, 773 
Dyes, acid and basic, 249, 765 
bleeding, 772 
control of color formation, 808 
for imbibition, 772 
intensification with, 581 
mordant for, 764 - 
retouching with, 590 
sensitizing, 21, 23, 250 


Eder-Hecht method, speed determi- 
nation, 419 

Edinol, 324 

Eikonogen, 24 

Einstein’s law, 219 

Electro-magnetic waves, lengths of, 50 

Elon, 321 


Emulsion supports, for negatives, 255, 
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Emulsions, 230 
coating weight, 790 
collodion, 17 
color sensitization of, 250, 754 
gelatin, 18, 231, 234 
integral tripack, 804 
resolving power of, 387 
screen plate, 785 
stripping, 764, 803 
thickness, 786, 804 
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Ernostar lens, 108 
Erythrosin, 250 
Etching processes, 779 
Ethyl Red, 253 
Euryplan lens, 100 
Exposure, 503 
appearance of under and over, 557 
color separation uegatives, 748 
correction for near objects, 88 
density relation, 408 
factors determining time of, 503 
of prints, 598 
imbibition matrices, 770 
in projection printing, 635 
intensity scale of, 393 
of color screen materials, 790 
range of sensitive material, 429 
time scale of, 393 
to stop motion, 514 
with flash lamps, 200 
Exposure meters, 509 
photocell, 511, 513 
visual, 510 


Factorial development, 551 
Ferricyanide and cyanide reducer, 568 
and thiocyanate reducer, 567 
-hypo reducer, 565 
Ferroprussiate, printing process, 697 
Ferrous oxalate developer, 300, 315 
sulfate, 24 
Field, curvature of, 79 
Film, cartridge, 485 
cut, 484 
holders, 163 
pack, 485 
adapters, 164 
cameras, 128 
roll, 485 
sheet, 484 
Tilm base, 477 
cellulose acetate, 479 
cellulose nitrate, 478, 480 
emulsion coating of, 482 
nitrocellulose, introduction by 
Eastman, 21 
non-deforming, 481 
safety, 481 
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special coating, 483 
substratum coating for, 482 
Filmcolor, 787 
Filter factors, 462 
determination of, 758 
in color photography, 758 
Filters, 459 
absorption of, 459 
analysis, 828 
care of, 471 
color, for 3-color photo, 735, 745, 
816, 835 
for masks, 823, 824, 828, 832, 
833 
compensating, 790 
effect of on spectral sensitivity, 
461 
for color selection, 466 
for commercial photography, 469 
for landscape photography, 467 
for orthochromatic reproduction, 
466 
_ for photographing distant objects, 
468 
for portrait photography, 469 
optical properties of, 470 
screen plate, 785, 840 
separation, 745 
transmission, 746, 747 
viewing, 467 
Finders, 154 
Fine-grain developers, 380 
Finger print cameras, 138 
Finlay process, 792 
Fixing, discovery of fixing agent, 6 
baths, acid, 353 
acid hardening, 353 
chrome alum, 355 
effect of use on, 357 
hardening in, 356 
silver thiosulfate compounds 
iGO, 
testing, 358 
chemistry of, 352 
developing papers, 603 
reaction of hypo with silver halide, 
352 
solutions, preparation of, 355 
time required for, 360 
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Flash lamps, 185 
calculation of exposure with, 200 
characteristics, 187 
determining time-light character- 
istics of, 188 
effect of battery resistance on fir- 
ing, 198 
for focal plane shutters, 186 
multiple use of, 197 
reflectors for, 199 
S.M., 199 
spectral distribution of, 189 
synchronization of, 192 
testing synchronization, 198 
time-light curves for, 186 
Fluorescent lamps, 175 
lighting equipment for, 182 
Focal length, 119 
and size of studio, 120 
plane shutters, 149 
Focusing scales, 155 
Fog, 558, 758 
density, 408 
Fogging tendencies of 
agents, 328 
Foot-candle, definition of, 168 
Formaldehyde, gelatin hardening with, 
BS ZA 
Fresson process, 674 
Front swing, 147 
f system, 68 


developing 


Gamma, 412 
and contrast, 413 
calculation of, 413 
infinity, 416 
reproduction, 447 
time curve, 414 
variation of with wavelength, 464 
Gasparcolor, 47, 228, 810 
Gauss-type lenses, 112 
Gelatin, 231, 804 
hardening in fixing baths, 356 
with alum, 354 
with formaldehyde, 355 
requirements of for photographic 
purposes, 233 
sensitizing, 233 
soft and hard, 767 
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Gelatin emulsion, 17, 804 
bromo iodide, 236 
classes of, 234 
early history of, 18 
emulsification, 236 
hardening agents for, 241 
hypersensitizing, 247 
increase in speed by heating, 19 
iodide in, 236 
outline of preparation, 230 
ripening of, 237 
silver halide grain of, 242 
soluble halide in, 239 
stabilizers for, 241 
washing, 239 
Gelatino chloride papers, 26 
Glass plates, 15, 475, 476 
Glue printing, 674 
Glycin, 321 
Gold toning, 653 
Goodwin vs. Eastman, patent infringe- 
ment, 21 
Gotar lens, 123 
Gradient, log E curve, 411 
determining minimum, 425 
Graininess of image, 375 
factors affecting, 379 
measurement of, 377 
Grain size distribution, portrait film 
and lantern slide, 246 
Gray scale, 757 
Grotthus-Draper law, 219 
Grubb, single lens, 34 
Gum bichromate, 28, 669 
coating, 671 
exposure and development, 672 
multiple printing, 673 
preparing paper, 669 
bromide and gum platinum, 674 


H & D speeds, 422 

Halation, 384 

Hand cameras, 128 

Hardening solutions, 553 

Harrison, gelatin emulsion process, 
18 

Heliar lens, 106 

Heliographic process of Niepce, 7 
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Herschel effect, 293 
High temperature development, 543 
Hill, David Octavius, 14 
Hill lens, 122 
Holders, plate and sheet film, 163 
Holostigmat lens, 96 
Homocentric lens, 113, 123 
Homokol, 254 
Horizontal development, 548 
Hydramine, 25 
Hydrogen atom, 211 
Sommerfeld’s model, 214 

Hydroquinone, 24, 320 

chemistry of development with, 

300 

Hydrosulfite toning processes, 654 
Hypar lens, 93 
Hyperfocal distances, 72 
Hypergon lens, 121 
Hypersensitizing emulsions, 247 
Hypo, discovery of, 6 

chemistry of fixing with, 352 

tests for, 367 
Hypo-Alum toning, 645 
Hypo eliminators, 369 

for prints, 604 


identification cameras, 139 
illumination, 167 
darkroom, 523 
Image, contrast of lens, 85 
granularity of, 375 
spread in emulsions, 382 
Imbibition printing, 769 
dye contrast, 773 
dyeing, 772 
dyes for, 772 
expansion of paper, 773 
exposure of imbibition matrices, 
770 
masking methods, 825 
wash off relief, 769 
Inertia, 422 
Infra-red materials, 497 
radiation, drying with, 554 
sensitizers, 259 
Inorganic developers, 315 
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Integral tripack, historical, 742, 803 
construction, 803 
controlled penetration in, 808 
differential exposure in, 809 
gelatin emulsion for, 804 
reversal processing, 811 

Intensification, 573 

local, 579 

local with dyes, 581 
miscellaneous methods, 578 
of prints, 614 

sensitometry of, 579 

with chromium, 574 

with mercuric-iodide, 577 
with mercury, 576 

with silver, 573 

Intensity scale, 393 

Intermittency effect, 391 

Iodide-hypo reducers, 568 

Iron printing processes, 224, 692 

blueprint, 697 

Cyanotype, 698 

kallitype, 701 

Vandyke, 700 
Tsochromatic materials, 22 
Isokol, 254 


Kallitype process, 701 
Knapp’s process of development, 549 
Kodachrome, 47, 743 
construction, 743, 803, 813 
photo-flash lamps for, 191 
processing, 813 
types, 743 
Kodacolor, 47, 743 
color formation, 812 
construction, 803, 812 
Kodatron lamps, 202 
Kotavachrome, 743, 814 
Kryptocyanine, 256 


amps, sarc. 170; l77 
flash, 185, 186 
fluorescent, 175 
gaseous conductor, 174 
mercury vapor, 175 
tungsten, 171 
Landscape photography, filters for, 467 
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Lantern slides, 718 
binding, 728 
coloring, 726 
exposure and development of, 
Wits 0? GES 
fixing, washing and drying, 
721 
intensification and reduction, 
727 
masking, 727 
toning, 726 
varnishing, 727 
Latent photographic image, 290 
formation of, 295 
function of sensitivity center, 297 
Gurney-Mott theory, 298 
increase in with time, 290 
metallic silver theory, 294 
physical theories, 294 
quanta required to produce, 222 
reactions of, 292 
stability of, 290 
sub-halide theory, 294 
theories of, 293 
Lens, aberrations of, 74 
adapter, 164 
first use of, 2 
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magnification produced by thin, 61 
mount, swinging, 166 
principal points of, 64 
shades, 163 
shapes of positive and negative, 61 
thin in air, 60, 64 

Lenses, achromatic, 90 
based upon Petzval Portrait lens, 

102 

contrast of image, 85 
double, 35, 91 
entrance and exit pupils of, 67 
five lens cemented type, 98 
focal length and size of studio, 120 
for aerial photography, 122 
for photographing whole sky, 121 
for portrait work, 119, 120 
for reproduction processes, 123 
four cemented lens type, 97 
Gauss type, 112 
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history of photographic, 34 
loss of light in, 84 
resolving power, 82 
single, 34, 90 
soft focus, 92 
surface coating of, 85 
telephoto, 41, 117 
triplet, 93, 104 
triplet with rear doublet, 108, 110 
wide angle, 121 
Lenticular process, 798 
Light, 48 
absorption of, 56 
and illumination, 167 
intensity, 167 
polarized, 55 : 
reflection and refraction, 53 
reflection of by a spherical sur- 
face, 57 
sources of, 167, 756 
wave front, 54 
wave motion, 49 
Light sensitive materials, for photog- 
raphy, 221 
Light diffusing materials, 184 
Light filters, 459 
Light reflecting surfaces, efficiency of, 
184 
refraction of at spherical surface, 
59 
Light sources, effect on spectral sensi- 
tivity, 458 
for sensitometry, 393 
spectral energy of, 168 
Lighting equipment, 177 
Arc, 181 
care of, 182 
for commercial and _ illustra- 
tive photography, 179 
for fluorescent lamps, 182 


for portrait photography, 178. | 


for Tungsten lamps, 177 
in color photography, 756 
portable, 180 

Linear lens, 98 

Lippman process, 44 

Local reduction, 579 
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Lumen, 167 
second, 187 
Luppo-Cramer effect, 293 


Magazines, for plates and sheet film, 
165 
Magia Naturalis, 1 
Marten’s densitometer, 403 
Masking, 821, 825 
Masks, positive, 822 
silver, 832 
single, 833 
Mercury, hypersensitizing with, 247 
intensification with, 576, 577 
Mercury-sulfide toning, 656 
Mercury vapor lamps, 175 
Meritol, 325 
Merocyanines, 280 
classification of, 281 
intermediates for, 282 
linking agents for, 283 
preparation of, 283 
sensitizing properties of, 285 
Metallic silver theory of latent image, 
294 
toning, 762 
Metol, 24, 321 
Metoquinone, 24, 325 
Metrogon lens, 113 
Miniature cameras, 33, 130 
Minicolor, 743, 814 
Minimum gradient speed, 423, 425 
Monomet, 25, 325 
Mordants, 659, 764, 765 
Mosaic screen, 786 
Mounting prints, 708 
commercial mounts, 713 
double, 713 
dry, 714 
on cloth, 715 
preparing embossed, 712 
preparing line mount, 711 
preparing slip-in-mount, 711 
with paste, 714 


Naphthenone, 251 
Negative, blocking out, 582 
intensification of, 573 
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introducing black backgrounds, 
583 
retouching portrait, 584 
stripping, 589 
titling, 583 
varnishing, 588 
Negative developers, 533 
classification of, 534 
contrast, 545 
fine grain, 534 
general purpose, 534 
physical, 547 
rapid, 540 
tropical, 543 
two-bath, 540 
Negative development, factorial, 551 
fine-grain, 534 
horizontal, 548 
inspection, 550 
physical, 547 
rapid, 540 
two-bath, 540 
Negative masks, 832 
Negative materials, choice of, 489 
color sensitive, 22, 486 
latitude of, 428 
resolving power of, 389 
spectral response of, 457 
Negative processes, on glass, 15 
Negatives, defects in, 556 
enlarged, 731 
making duplicate, 729 
paper, 486, 731 
reduction of, 565 
removing gelatin backing of, 590 
three-color, 745, 748, 754, 760, 796 
Neocyanine, 257 
Neol, 25, 325 
Newton’s rings, eliminating, 633 
Nitrocellulose film, introduction by 
Eastman, 21 
Non-halation materials, 385 


Objectives, achromatic, 90 
for aerial photography, 122 
apanat, 92 
development of anastigmat, 38 


double, 35, 91 
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five-lens cemented type, 98 
for portrait work, 119 
for reproduction processes, 123 
four-lens cemented type, 97 
Gauss type, 112 
history of photographic, 34 
Petzval Portrait lens, 102 
single, 90 
soft focus, 92 
telephoto, 41, 117 
three-lens cemented type, 94 
triplet, 93, 104 
triplet lenses with rear doublet, 
108, 110 
wide angle, 121 
Omnar lens, 113 
One-shot camera, 751 
Opacity, 56, 401 
Opic lens, 114 
Optical glass, 
typical, 54 
Organic developers, 316 
Orthochromatic filters, 466 
Orthochromatic materials, 22, 487 
Orthochromatic reproduction, 464, 466 
Orthochrome T, 253 
Orthometar lens, 100 
Orthoscope lens, 41 
Orthostigmat lens, 96, 123 
Ortol, 24, 324 
Ozobrome, 28 
Ozotype, 28 


index of refraction 


P & H process, 549 

Palladium printing, 695 

Panchromatic materials, placed on 

market in England, 22 
wedge spectrograms of, 489 

negative materials, 487 

Panoramic cameras, 141 

Pantachrome, 799 

Pantar lens, 98 

Paper negatives, 731 

Paraminophenol, 321 

Paraphenylene diamine, 24 

Parikol, 254 

Pellicle, 754 

Pentacarbocyanines, 259, 279 
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Pentac lens, 111 
Periodicals, photographic, 47 
Permanganate reducers, 569 
Persulfate reducers, 571 
Petzval orthoscope lens, 41 
portrait lens, 34, 102 
Photocell exposure meters, 511, 513 
Photochemistry, 3, 206 
bichromate processes, 224 
dye processes, 225 
Einstein’s law, 219 
iron processes, 224 
laws of, 219 
nature of reactions, 220 
quantum energy of different radia- 
tions, 207 
silver processes, 221 
Photochromoscope, 737 
Photoelectric effect, 207 
quantum yields, 228 
Photoflash lamps, characteristics of, 
190 
for Kodachrome, 191 
time-light curves for, 186 
Photogenic drawing, 14 
Photographic image, optical charac- 
teristics of, 406 
graininess of, 375 
sharpness of, 381 
Photography, definition, 1 
Photometric constant, 401 
Photon, 207 
collisions between, 217 
energies, 208 
Photostat, 143 
Physical development, 547 
Pigment processes, 27, 662 
bromoil, 682 
carbon, 662 
carbro, 676, 677 
gum, 669 
miscellaneous, 674 
powder, 675 
Pigments, 3-color, 777, 819 
Pinachrome, 254 
Pinacyanol, 256 
Pinaflavols, 285 
Pinatype, 780 
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Pinaverdol, 254 
Pinhole camera, 124 
Planar lens, 112 
Planck’s Constant, 207 
Plasmat lens, 100 
Plastigmat lens, 92 
Platinotype process, 692 
Clerc’s process, 694 
Polarizing screens, 472 
Polymethines, 259, 263 
Polysulfide toning, 648 
Portrait cameras, 135 
Portrait photography, lenses for, 119 
Powder printing processes, 675 
Press camera, 136 
Primary colors, 733 
Printing colors, 740, 818 
Printing, contact, 616 
projection, 620 
Printing machines, 617 
difficulties with, 620 
photofinishing, 619 
professional, 618 
Printing papers, albumen, 25 
bichromated history of, 27 
bromoil, 28, 682 
carbon, 27, 662, 768, 774 
carbro, 28, 676, 677, 774 
choice of surface and color, 
596 
collodion, 26 
cyanotype, 698 
developing, 26, 592 
D log E curve of different 
emulsions, 594 
Diazo, 226, 703 
Ferroprussiate, 697 
gelatino chloride, 26 
gum pigment, 669 
Kallitype, 701 
miscellaneous pigment, 674 
oil, 28 
Ozotype, 28 
palladium, 695 
platinum, 27, 692 
powder, 28, 675 
sensitometry of, 430 
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subtractive for color photog- 
raphy, 740, 763 
surface and colors of, 593 
tone reproduction on, 454 
Vandyke, 700 
variable contrast, 595 
wash-off ‘relief, 769 
with iron salts, 692 
with silver salts, development 
of, 25 
Prints, coloring, 705 
making vignetted, 613 
mounting, 708 
permanence of, 615 
reduction and intensification of, 
614 
for reproduction, 611 
rush, 610 
spotting, 716 
tinting, 705 
trimming, 706 
varnishing, 717 
washing of, 604 
waterproofing, 717 
waxing, 716 
Processing latitude, 416 
Projection printing, 620 
control in, 638, 639, 640 
correction of distortion, 641 
determining exposures, 635 
equipment, 629 
light sources, 621 
negative illumination, 622, 624 
negatives for, 632 
from wet negatives, 641 
Proportional reducers, 570 
Protar lens, 97 
Pyrocatechin, 24, 324 
Pyrogallol, 24, 323 


Quanta, 206 
required for latent image forma- 
tion, 221 
Quantum energy of different radia- 
tions, 207 
mechanics, 216 
Quantum, numbers, 213 
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Quantum Theory, restrictions of, 216 
Quantum yields of photographic re- 
actions, 228 


Radiar lens, 110 
Radiation, 48 
discontinuous, 51 
quantum theory, 206 
Raman effect, 218 
Range finders, 156 
split-field type, 159 
superimposed image type, 159 
Rapid rectilinear lens, 37, 92 
Reciprocity effect, 390 
Rectigraph lens, 143 
Reducers, 565 
Belitzski, 569 
copper, 568 
ferricyanide-cyanide, 568 
ferricyanide-hypo, 565 
ferricyanide and thiocyanate, 567 
iodide-hypo, 568 
iodine-cyanide, 568 
permanganate, 569 
persulfate, 571 
superproportional, 570 
Reduction, 565 
local, 579 
of prints, 614 
proportional, 570 
subtractive, 565 


Reduction potential, of developing 
agents, 326 

Reflection characteristics of printing 
colors, 818 


Reflex camera, 32, 132 
Refraction, index of, 53 
at spherical surface, 59 
Relative aperture, 68 
determination of, 69 
for near objects, 88 
Relief imbibition printing, 769 
processes, 765 
Repeating back, 749 
Reproduction process cameras, 140 
lenses for, 123 
Resinopigmentype process, 674 
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Resolving power, lenses, 82 
of photographic 
386, 389 , 
Retouching portrait, negatives, 584 
the face, 586 
» individual features, 587 
modeling, 586 
with dyes, 590° 
Roller-blind shutters, 43 
Roll film, 485 
adapters for, 164 
cameras, 127 
developing tanks for, 531 
Rubinol, 323 
Rydberg Constant, 210 


materials, 


Safety base film, 481 

Scheiner speeds, 418 

Schwarzschild constant, 391 

Scratch proofing solutions, 553 

Screen plates, early, 46 
autochrome, 787 
Dufaycolor, 789 
copying, 793 
duplication of, 793 
emulsions, 785 
exposure, 790 
filmcolor, 787 
filters, 785, 840 
Finley, 792 
geometric, 787 
inseparable, 787 
mosaic, 787 
negative-positive 

795 

principles of, 738, 784 
processing, 791, 795 
requirements, 785 
separable, 792 
3-color negatives from, 796 
ultracolor, 788 

Selenium toning processes, 655 

Self-timers, 165 

Sensitivity centers, function of in ex- 

posure, 297 
Sensitivity, of silver halide grain, 243 
spectral, 437 


processing, 
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Sensitizing dyes, acid, 250 


basic, 252 

carbocyanine, 254, 262, 275, 
279 

cyanine dyes, 252, 257, 260, 
261, 289 


erythrosin, 21, 250 
history of, 21, 23 
infra-red, 259 
merocyanines, 280 
naphthenone, 251 
... pentacarbocyanines, 259 
polymethine dyes, 259 
selenacyanines, 258 
tetracarbocyanines, 259 
thiaxanthone, 251 
tricarbocyanines, 259 
triphenylmethanes, 250 - 
Sensitizing gelatin, 233 
Sensitol Green, 254 
Sensitometers, 393, 394, 395, 396 
Eastman 2B, 396 
monochromatic, 437 
optical wedge type, 393 
time scale instruments, 395 
tube, 394 
Sensitometry, 390 
color sensitometry, 436 
densitometers, 402 
developers and development, 397, 
399 
D log E curve, 408 
of intensification, 579 
light sources, 392 
of printing papers, 430 
Sharpness of image, 381 
variation with emulsion, 383 
variation with wavelength, 383 
Sheet film, 484 
developing tanks for, 533 
magazines for, 165 
Shutters, 42, 148 
before the lens, 148 
behind the lens, 148 
between the lens, 149 
efficiency of, 152 
focal plane, 149 
roller-blind, 43 
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rotary, 43 
speed of, 151 
Sigmar lens, 93 
Silver, intensification with, 573 
Silver chloride, studies on the decom- 
position of, 3, 4 
Silver dye bleach process, 227 
Silver grain, structure of, 374 
Silver halide, reaction of hypo with, 
352 
size frequency curves, 246 
structure of molecule, 296 
Silver halide grain, 242 
development of, 373 
distribution of in emul- 
sion, 244 
sensitivity of, 243 
Silver processes, photochemistry of, 
221 
Silver recovery, 361 
electrolytic methods, 364 
sodium sulfide, 362 
with zinc, 363 
Single lenses, 90 
Sliding back, 749 
Sodium hydrosulfite developer, 316 
Sodium sulfite, in developers, 330 
Sonnar lens, 108 
Spectra, 209 
Balmer Series, 209 
band, 217 
x-ray, 210 
Spectral energy, 168 
Arc lamps, 177 
Flash lamps, 189 
Fluorescent lamps, 175 
incandescent tungsten, 168 
Mercury vapor lamps, 175 
Spectral sensitivity of negative ma- 
terials, 457 
effect of filter on, 461 
effect of light source, 458 
Spectograms, interpreting, 438 
Spectrophotometer, 816 
Spectrum, electro-magnetic, 50, 208 
Speed determination, comparison of 
various systems, 508 
Chapman Jones, 419 
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DIN method, 420 
Eder-Hecht method, 419 
H & D method, 422 
minimum gradient method, 422 
Scheiner method, 418 
threshold methods, 418 
Warnerke’s method, 419 
Weston method, 422 
Spherical aberration, 75 
correction of, 93 
Stains on negatives, 559 
aluminum sulfite, 562 
developer, 559 
green, 562 
removing, 560 
silver, 561 
sulfur, 561 
yellow, 560 
Stannous salts, toning with, 654 
Stefan’s law, 51 
Stereo cameras, 143 
Stereo attachment, 166 
Stripping emulsions, 764, 803 
Stripping negatives, 589 
Structure of image, 373 
Sub-halide theory of latent image, 294 
Subjective color, 834 
Substratum coating, 482 
Subtractive synthesis, 736 
color correction in, 818 
Subtractive printing processes, Table, 
45, 763 
Sulfur toning processes, prints for, 644 
acid hypo, 648 
direct sulfide processes, 649 
indirect processes, 650 
with Polysulfides, 648 
Sunlight, variation in intensity of, 170 
variation and color temperature 
Oni, T/L 
Superproportional reduction, 570 
Sury’s printing process, 675 
Swingback, 144, 145 
Swingfront, 147 
Synchrograph, 187 
Synchronizers, 194, 196 
testing accuracy of, 198 
Syntor lens, 99 
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Technicolor, 767 
Telegor lens, 118 
Teleobjectives, 41, 117 
Teleros lens, 118 
Tele-Tessar lens, 118 
Telic lens, 118 
Tessar lens, 108 
Tetracarbocyanines, 259 
Thiaxanthone, 251 
Thin lenses, systems of, 64 
Three-color negatives, 745 
development, 759 
exposing, 748, 758 
filter factors, 758 
lenses for, 757 
reference object, 757 
from screen plates, 796 
sensitive materials for, 754 
Three-color sensations, 734, 833, 
Time-gamma curve, 414 
Time scale, of exposure, 393 
Tinting photographs, 705 
Titling negatives, 583 
Tone reproduction, 440 
analysis of, 450 
gamma product, 447 
graphical solution of, 448 
of neutral gray object, 442 
orthochromatic, 464 
on printing papers, 454 
Toning, silver images, 763 
copper, 656 
direct sulfide, 649 
dye, 658, 764 
gold, 653 
hydrosulfite, 654 
hypo-alum, 645 
mercury-sulfide, 656 
metallic, 762 
polysulfides, 648 
selenium, 655 
sulphur processes, 644 
tin, 654 
uranium, 656 
vanadium, 658 
with acid hypo, 648 
Toning lantern slides, 726 
Transparencies, 728 
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Transparency, 56, 401 
Tricarbocyanine dyes, 259, 278 
Trichromatic theory, 733, 833 
Tricolor cameras, types, 751 
Tripacks, 45, 742, 749, 801, 803 
construction, 803 
controlled penetration in, 808 
emulsion characteristics of, 804 
Triphenylmethane dyes, 250 
Triplet lenses, 93, 104 
Tripods, 162 
Tristimulus values, 816 
Tropical developers, 543 
Tungsten light sources, 171 
color temperature of, 172 
lighting equipment for, 177 
spectral energy curves of, 168 
Turner-Reich lens, 98 
Twin lens camera, 133 
Two-bath developers, 540 
Two-color processes, 444 


Ultracolor screen plates, 788 
Unar lens, 108 

Unofocal lens, 117 

Uranium toning process, 657 


Utocolor, 782 


Vanadium toning, 658 

Vandyke process, 700 

Varnishing lantern slides, 727 
negatives, 588 
prints, 717 

Velocity constant of development, 314 

Velostigmat, 101 

Velox, 26 

Verito lens, 92 

View cameras, 134 

Vignetted prints, 613 

Villard effect, 293 

Vitachrome, 782 

Voltage regulating devices, 173 

Voltage, variation in color tempera- 
ture with, 172 


Washing, time of, 364 
papers, 604 
tests for, 367 
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Wash-off Relief process, 771 Waxing prints, 716 
dyeing, 772 Wedge spectograms, 438 
paper preparation, 773 Weston speeds, 422 
transferring color images, Wide angle lenses, 121 
WS Wide Angle X-Press lens, 100 
Watkins’ factor, 551 Wien’s law, 51 


Wavelengths, units of measurement, 
206 X-ray spectra, 210 
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